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The National Center for Preservation ‘
Technology and Training: A Twenty-year
Retrospective of Sponsored Research for

Archeological Innovation

Since 1994, the National Center for Preservation Technology and Training, a program of the National Park
Service (ncptt.nps.gov), has engaged in state-of-the-art research in archeological treatments and technologies. The
Center provides grants, education, research, and training opportunities in the areas of archeology and collections,
architecture and engineering, materials conservation, and historic landscapes. To date, over $10 million dollars
have been spent on sponsored research via our grants program. This symposium is a 20 year retrospective and

is focused on the innovative contributions of the award recipients to the archaeological sciences, methods, and
technologies.

Specifically, the authors were asked to re-examine their original work and address the impact of their research

on their respective fields; how their work has influenced their research; and progress in their study areas since

their initial award. These proceedings include topics ranging from the development and fielding of magnetic
susceptibility, archaeogeophysics, and a friction cone-penetrometer, to plasma extraction 14C analysis, site location
probability models, ceramic thin-section analysis, freshwater shell artifact and temper sourcing, and Native
American consultation protocols.

The papers and presentations included here reflect the depth and breadth of the types of studies funded by NCPTT.
The materials herein are presented in their entirety in their original format with minor editing. We hope you find
the proceedings interesting and informative, and look forward to the next twenty years. Special thanks to Tad Britt,
Chief of NCPTT’s Archeology & Collections program, who conceived and organized this retrospective. Thanks
also to both the authors and readers for your contribution and patience in getting the publication ready.

Kirk A. Cordell

Executive Director

National Center for Preservation Technology and Training
April 2015




Contents

Native Americans and Archaeology Training Workshop: A Twenty-Year Retrospective

Predictive Modeling of Archeological Sites in Death Valley National Park

Detecting Mounds Using Airborne LiDAR: Case Studies from lowa and Minnesota

Incorporating Image Analysis into Ceramic Thin-Section Petrography

Development and Applications of a Minimally Destructive Method of Sourcing Shell via: A-ICP-MS
Cold Plasma Oxidation and “Nondestructive” Radiocarbon Dating

Development of Magnetic Susceptibility Instrumentation and Applications

NCPTT and the Growth of American Archaeogeophysics

29

47

55

64

79

92



Native Americans and Archaeology

Training Workshop

: A Twenty-Year

Retrospective

Kurt E. Dongoske, RPA
Zuni Cultural Resource Enteprise

The Arizona Archaeological Council received
funding from the NCPTT during its inaugural
granting cycle to conduct a two-day training
workshop between Native Americans and
archaeologists. The goal of the workshop was to
promote a productive dialogue between Native
Americans, Federal agency archaeologists, academic
archaeologists, and archaeologists from the
contracting community. Three issues were the focus
of that workshop: consultation, oral tradition and
archaeological interpretation, and Native Americans’
role in archaeology. This presentation reviews the
proceedings and the products of that workshop
followed by an evaluation of the current condition
of the relationship between Native Americans and
archaeologists and what progress, if any, has been
made in the twenty years since that workshop.

Introduction

In 1994, the National Park Service’s National Center
for Preservation Technology and Training (NCPTT)
funded the Arizona Archaeological Council’s grant
proposal, entitled “Native Americans and
Archaeology Training Workshop.” The grant was
one of fifteen grants awarded in the NCPTT’s first
granting cycle.

The primary objective was to conduct a
two-day training workshop designed to promote
communication and understanding between
archaeologists and the Native American community.
The workshop was structured as a two-day dialogue
between Native American tribal representatives,
federal agency archaeologists, academic
archaeologists, and archaeologists from the
contracting community to address three topics: 1)
consultation, 2) oral tradition and archaeological
interpretation, and 3) Native Americans’ role in
archaeology.

This presentation provides an account of
the proceedings and results of the 1994 workshop
followed by personal observations concerning the
evolving relationship between Native Americans and
archaeologists that has occurred over the past twenty
years since the workshop was held.

The Workshop

The Native Americans and Archaeology Training
Workshop was held on 9 & 10 November 1994 at
the Woodlands Plaza Hotel in Flagstaff, Arizona.
The Bureau of Reclamation, Upper Colorado
Regional Office, graciously provided a professional
facilitator for the workshop. The participants

in the workshop consisted of Native American
representatives from the Hualapai Tribe, Hopi
Tribe, Navajo Nation, and Pueblo of Zuni. Federal
and state agency archaeologists represented the
Department of the Interior, Office of the Secretary;
the Coconino National Forest, Office of Navajo

and Hopi Indian Relocation; Arizona State Historic
Preservation Office; and Arizona Department of
Transportation. One archaeologist represented a
public utility provider. Archaeologists affiliated with
academia were from University of Arizona, Arizona
State University, and Northern Arizona University.
Archaeologists from the contracting community were
represented by Desert Archaeology, Institute for the
North American West, and Soil Systems, Inc.

Each participant in the workshop was
invited because they possessed a significant
amount of experience and knowledge on the
identified discussion topics. The workshop was
designed to provide a venue for archaeologists and
Native Americans to share ideas and concepts in
order to foster an understanding of each other’s
perspective, limitations, and expectations. In
addition, the workshop anticipated that a mutual
understanding between federal agency archaeologists
and Native American representatives could be
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achieved regarding consultation, oral tradition
and archaeology, and Native Americans’ role in
archaeology.

The following is a brief synopsis of the
discussion on each of the identified topics that took
place during the workshop.

Consultation

The discussion among the workshop participants
regarding the issue of consultation was complex and
represents the greatest amount of time spent on any
one of the three topics. In general, the workshop
participants agreed that the history of consultation
between Tribes and federal agencies represented

a broad range that included a sincere and earnest
attempt to solicit the concerns of the tribe to the
more customary, impersonal, cursory federal form
letter stating “. . . if we don’t hear from you in 30
days we will assume concurrence.” Consultation
requests were separated into two categories, one
category consultation with the capital C represents
the legally required consultation that is framed by
federal legislation, executive orders, and Presidential
memoranda; whereas, the other consultation with

a lower case c represented consultation inspired by
professional archaeological codes of ethics.

Consultation required by federal law can be
mutually rewarding when it is fashioned by positive
personal working relationships developed over time
between the federal agency representative and a tribal
representative. It is these personal relationships that
are really at the heart of effective consultation. It was
acknowledged, however, that personnel, both within
an agency and a Tribe, can change based on career
advancement, career moves, and tribal elections, and
that these changes can have a detrimental effect on
subsequent consultation efforts.

Concern was expressed about the ever
increasing number of requests from federal agencies,
and to a lesser extent state agencies, for consultation
and that this increase places an enormous burden
on a Tribe; tribal representatives labeled it as a
“paperwork blizzard.” A suggested method for
dealing with these overwhelming and increasing
requests for consultation was to have each Tribe

define the geographic extent within which they would
like to be consulted. It was emphasized that the
geographical area in which a Tribe wants to be
consulted should be determined by that Tribe and not
by a federal agency individual utilizing land claims
commission boundaries.

Effective and meaningful consultation must
acknowledge, respect, and sensitively negotiate the
world views held by Tribes which diverge from those
of the Western scientific ontology that is embedded
in federal agencies. Often, conflicts of cultural value
stem from these differing ontological perspectives
and how cultural resources are defined which lead to
a breakdown in communication and a decrease in the
resultant quality of the consultation. Federal agencies
should also recognize that Tribes can and will classify
cultural resources as those resources that federal
agencies routinely classify as natural resources.

The workshop participants offered
suggestions for improving the consultation
experience. In order to streamline the consultation
process federal agencies should consider working
with Tribes to develop agreement documents
for routine and repetitive federal actions. These
agreement documents could specify coordinating and
collaborating mechanisms between the agency and
the Tribe, as well as identify individuals directly
responsible for the consultation process. In addition,
regularly planned sensitivity training for federal and
tribal representatives could be a stipulated annual
occurrence identified in the agreement document.

Transparency in the process is vital to
successful consultation, including providing the Tribe
with a clear understanding of how their expressed
concerns were considered and acted on as part of the
federal decision-making process, and that the project
plans were revised, if necessary.

Finally, ensuring confidentiality of tribal
information considered esoteric and culturally
sensitive should be a primary concern of the federal
agency. The workshop participants felt it was
necessary for federal agencies to develop policy
statements that define what types of information are
sensitive and restricted from public access. There was
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a perceived need for legal protection of ethnographic
data that would be comparable to archaeological
site location information. The workshop participants
also felt that it was naive of federal agencies to
think that a tribal representative should possess all
the knowledge about sacred sites and/or traditional
cultural properties and that ethnographic research
should not be required to produce this type of
information. This type of view of the Tribes places
a greater level of accountability on the Tribe than is
currently expected of federal land managers.

Oral Tradition and Archaeology
Archaeologists are interested in learning about the
past. Native Americans are interested in maintaining
the cultural traditions they inherited from their
ancestors who lived in the past and in many instances
created the archaeological record. For Native
American tribes with strong oral traditions, their
primary sense of history comes from the narratives,
stories, and accounts passed down by tribal elders.
The workshop participants discussed whether
archaeology and Native American oral tradition can
benefit each other and if they actually came together
at some point. For example, archaeologists work to
reconstruct the past and are interested in how oral
tradition can contribute to the reconstruction of the
past, whereas, for many Native Americans, oral
tradition is good for explaining and directing life
histories and it directly informs the individual about
the proper way of conducting one’s self.

Workshop participants agreed that utilizing
oral tradition to inform archaeological research was a
delicate ethnographic issue. Tribal representatives
expressed a concern that archaeologists have mined
the archaeological record over the past 100+ years
and now are interested in mining oral tradition. The
tribal representatives were also cautious on how
oral tradition would be employed in archaeological
research because by and large, they perceived
archaeologists as scared of Indians, which contrasts
with physical anthropologists who are petrified of
Indians, and social anthropologists who are not even
thinking about working with Indians.

cheological Innovation

In response to these expressed concerns, the
workshop participants felt that Tribes should set their
own research agendas with the knowledge that these
research agendas will vary by Tribe. In addition,
each Tribe should develop its own set of protocols to
guide and control outside researchers’ access to tribal
members and the manner in which ethnographic
information may be utilized and disseminated by the
researcher.

One tribal representative stated that Native
American female informants were a too-often
neglected source of insight into the past. For
example, if an archaeologist wanted to do research
on archaeologically defined rooms within a room
block or pueblo, then this tribal representative
suggested they really needed to talk to females,
not males. The workshop group agreed that, to
successfully incorporate oral tradition into
archaeological research, it will be necessary
to develop elaborate archaeological research
ethics. As a part of those ethics, Native American
participants who provide ethnographic information
to archaeologists should be provided the opportunity
to co-author research reports and journal articles.
Archaeologists who utilize tribal ethnographic
information in their research should be ethically
obligated to reciprocate something back to the Tribe.
Examples of this reciprocity were working to educate
tribal members about the research, to guarantee too
that tribal and individual cultural advisor’s rights are
observed, and to ensure materials (video, audio tapes,
and research notes) generated during ethnographic
research are appropriately archived to tribal
requirements. As an incentive toward developing
a ethical research statement, the following five
recommendations were generated regarding the use
of oral tradition in archaeological research:

1. Determine by asking tribal officials whether or not
a Tribe wants its oral traditions used in
archaeological research.

2. If tribes want oral traditions to be used in
archaeological research, then archaeologists need to
establish the parameters of that use with Native
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American cultural advisors and tribal officials. This
needs to be done at the outset of the research.

3. Tribal cultural advisors are subject specialists who
should be compensated for their time (like other
professional researchers) on funded cultural resource
projects.

4. If tribes do not want oral traditions used in
archaeological research, then archaeologists
should state this in reports. These reports should
acknowledge that the review of culture history and
the scientific findings do not include oral traditions
at the request of the Tribe.

5. Encourage tribal review of archaeological
research, especially if it uses oral traditions.

Native Americans’ role in archaeology
The final topic the workshop participants were
asked to consider was Native Americans’ role in
archaeology. That is, do Native Americans really
want a professional role in archaeology? If the
answer is no, then what utility do Native American
groups find in the discipline of archaeology

and its associated research methods? One tribal
representative pointed out that the Zuni Tribe has
one of the longest lived archaeology programs
operating in the United States. The Zuni
Archaeology Program brings many tribal members
into the profession of archaecology because it fits
with individual Zuni’s family need for a job on the
Zuni Indian Reservation and through it an individual
Zuni can gain marketable skills. However, currently
Native Americans working in archaeology as
laborers or skilled crew members has an unintended
consequence of creating a glass ceiling for
themselves because most Native Americans do not
have a university degree making it difficult, if not
impossible, to get the needed skills and advance to a
high position.

While there was a perceived need, by
tribal representatives and archaeologists, for
archaeologically trained Native Americans on Indian

reservations, the question that remained was how to
break this glass ceiling by successfully transforming
practical archaeological field work experience into
college course credit. For many Native American
youth, especially those with families to support, it

is hard, if not impossible, to drop everything and go
off the reservation to a university for four years to
get a college degree. The university systems needed
to be more sensitive and reactive to the educational
needs of Native Americans that live and want to stay
on the reservation by providing off campus learning
opportunities and college credit.

Workshop Products

The workshop produced several products: (1) a
white paper was developed on Native American oral
tradition and archaeology written by four of the
workshop participants. This white paper was

first published in the SAA Bulletin in March of
1996 and later republished in 2000 in an SAA
publication Working Together: Native Americans &
Archaeologists. A revised version of this paper was
published in the 1997 publication Native American
and Archaeologists: Stepping Stones to Common
Ground published by Altamira Press; (2) training
workshop proceedings’ notes, along with flip chart
notes, were word processed and provided to the
NCPTT; (3) seven audio tapes of the workshop
proceedings were generated of which three of the
tapes have been transcribed.

Summary and Conclusions

In the twenty years since the Native Americans

and Archaeology Training Workshop was held

there have been many changes and developments,
mostly positive, in the relations between Native
Americans and archaeology. Many of these changes
are self-evident within the Society for American
Archaeology, such as, the SAA’s Native American
Scholarship Fund, the standing Committee on Native
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American Relations, and the increasing number of
Native Americans that are becoming members of the
SAA.

There has also been a concurrent issue in
the number of Native American women earning
Ph.D.s, entering academia, and positively impacting
how archaeology is taught to a new generation
of emerging archaeologists. This has resulted in
increasing the feminine voice in archaeological
research.

The last twenty years has also witnessed an
increase in interest in the successful integration of
Native American oral tradition into archaeological
research, especially in explaining prehistoric
migration in the Southwest.

Consultation, on the other hand, may not have
undergone as bright a transformation as the other
topics. As noted by the workshop participants twenty
years ago, successful consultation works only when
the individuals who carry out that consultation are
personally invested and committed to its success
through mutually appreciating and respecting the
different cultural perspectives and values that are
involved. This situation continues to be even truer
today. Unfortunately, it has been my experience
that this situation remains the exception and not the
rule. Tribes continue to receive numerous requests
for consultation that contain the same repetitive
bureaucratic form language stating the federal
agency assumes tribal concurrence if the Tribe does
not respond in thirty days. In spite of the fact that
“Tribal consultation,” though explicitly insisted upon
by the President in orders to the agencies and in his
approval of the 2010 United Nations Declaration
on the Rights of Indigenous Peoples, many federal
agencies continue to treat tribal consultation as
a “check the box™ approach to compliance. One
can only speculate that perhaps there is too much
inherent bureaucratic inertia within these federal

cheological Innovation

agencies that resist any efforts to change the business
as usual approach to consultation.

This unsatisfying climate of tribal
consultation continues to be a recognized issue that
is in serious need of attention and revising. The
importance of this issue is underscored by the fact
that the Arizona SHPO, Tribes, and federal agencies
are currently planning a tribal consultation workshop
that precedes the Arizona state historic preservation
conference next month. Unfortunately, federal/tribal
consultation as it is currently structured continues
to have the unintended consequence of imposing
colonialism on Native American Tribes because the
decision-making process is not mutually achieved
between two negotiating sovereign powers, but rather
it remains a unilateral decision made by a settler
government.

Although there is still much to do to improve
the relationship between Native Americans and
archaeologists, the Native Americans and
Archaeology Training Workshop represents
a snapshot in time and is a useful contrast to
demonstrate how much we have achieved in
improving the relationship between archaeologists
and Native Americans. In closing, I would like to
extend my sincere appreciation to the folks at the
National Center for Preservation Technology and
Training for having the sensitivity and vision in
seeing the benefits of funding the Native Americans
and Archaeology Training Workshop.
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Predictive Modeling
of Archeological Sites in

Death Valley National Park

Lindsey Cochran
Tad Britt

This study employs spatial modeling and earth assess the relationship between environmental
and social sciences to integrate environmental factors and the location of known archeological
variables relevant to past and changing landscapes. sites
The purpose is to determine probability models for * Improve understanding of the relationships
different types of archeological site types and their among environmental variables and
locations at probable locations distributed across the archeological locations
landscape at DEVA. * Create scalable (space, time, and behavioral)
models of potential past land use through taking

Objective: To develop a set of archeological site type into account the spatial relationships and key
specific models of a location probability statistics characteristics of known locations
AND develop a GIS enabled database for day-to-day * Make recommendations to managers to better
analysis, as well as long-term management operation focus areas for surveys and the monitoring of
strategies. sensitive archeological site locations

* Test and improve the models through an iterative
The purpose of this modeling effort is to: process of comparison with future survey results
* Develop and compile a GIS database specifically and evaluation and refinement based on those

for the modeling process results

* Analyze spatial data using statistical tools to
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Objectives: Ecological niche
models of archeological sites

* Develop the geographical landscape data for the
models

* Organize the archeology into site types for model
development

* Estimate probability of sites being located in various
places in the Park using MAXENT, an ecological niche
modeling system

* Interpret and provide an overview of results from the
probability models

To accomplish these goals, from collated data landscape characteristics and the location of known
on known sites, the authors assembled a set of archeological sites. The sites included in the models
Geographic Information System (GIS) map layers described here were generated from the records

and developed models using a niche modeling database supplied by the NPS archeological office.
approach with the software Maxent (Elith et The landscape factors included in these models were
al. 2011, Peterson 2006, Phillips S. 2006. Ecol. selected to define the terrain and access to water
Model. 190: 231). This ecosystem approach using spatial data that were already available.

requires grid-based GIS maps depicting important
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IF human BUT we know that
behavior is human behavior is
random, THEN patterned, THUS the
the Arch. sites natural and social
might be environments
scattered across influence the chance
the landscape that a site will be in
without a pattern  particular types of
places

Methods: “A predictive model--that is, an array of
correlations, and their strengths, among locations
and environmental variables in a study area” (Ebert
2000).

We began, with information from DEVA, our initial
assessments and data processing for the
development of the spatial models of archeological
site potential based on past human use. This effort
includes the use of an ecological niche model of
past landscape use with the modeling program

We can use statistical measures
that find the patterns of
archeological sites relative to a
set of landscape features stored
as GIS layers.

From this:

1. We can determine where on
the landscape, things were
likely to have occurred based
on existing sites so that we
can better approach surveys
for new sites

. We learn more about how
people were interacting with
the environment and find
additional clues about
possible changes in physical
features over time

Maxent. The major activities will be to: (1) Develop
a structured database of archival information of the
existing site records that populates the requirements
of the landscape model; (2) Process existing
geographic data from currently available digital
archives to be used in the ecological niche model;
and, (3) Analyze and interpret the output from the
niche model to assess associations between existing
landscapes and sites and to prepare more detailed
requirements for the data development needed to
provide data for a more directed modeling effort.
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Landscape Features
*USGS National Elevation Data
* Elevation
* Slope
* Aspect
*USDA state-level soils
* Water availability
* Depth to water [enon
* Depth to restrictive layer -
* Texture [ rasisinii
*USGS/USDA geology
* Geology
*National Hydrography dataset

* Distance from
¢ |ntermittent streams
* Perennial streams 100 meter cell size

* Playas NAD 1983 UTM Zone 11N
* ponds 2163 sites

Distance from springs
Distance from faults

The cultural understanding of sites was refined The geomorphology associated with the landscape
by application of geomorphic principles. factors provided key insights into the interpretation
Characterization of landform surface dynamics and of the terrain, soils, geologic and hydrologic features
deposit age allowed us to integrate geologic and associated statistically with the site distributions.

landscape elements into the site distribution models.
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Topographic features

direction of
slope

Landscape Features

A set of landscape features was selected and
developed for input into Maxent. These were created
using Geographic Information System processing
techniques to make a set of grid files at 100 m cell
size for a common study area. These included data
on elevation, slope, aspect, water availability in soils,
depth to water, depth to restrictive layer, soil texture,
geology, distance from intermittent and perennial

mean sea level

measured in
degree of slope

streams, distance to playas, distance to ponds,
distance to springs, and distance to faults (Table

2). These features were selected to characterize

the terrain structure of a rugged environment with
mountains over 11,000 feet in elevation located east
of the Sierra Nevada Mountains and at the north
edge of the Mohave Desert. The approximate 3.4
million acres inside the park boundaries is one of the
hottest and driest areas in North America.
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Soils Features

Soil Texture Soil Depth to water Soil Texture

Water availability in top
150 cm.

ROCK TYPE
alluvium
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sandstone

shale
dolostone (dolomite)

rhyolite
dune sand
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* Distance from
Intermittent streams
Perennial streams
Playas
Ponds
Springs
Faults

Dist to Springs
Metors

I==1 ;m Beundury

Dist to Playa

Meters
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8 Models - for Historic and Prehistoric sites

1. Historic
a) Residences AH2: Foundations/structure pads, AH4:
Privies/dumps/trash scatters.

b) Mines HP43: Mine structure/building, AH9:
Mines/quarries/tailings.

2. Prehistoric

a) Habitation AP8: Caches, AP7: Architectural features, AP15:
Habitation debris, AP3: Ceramic scatter, AP11: Hearths/pits.
b) Milling AP4: Bedrock milling feature.

c) Rock Art AP6: Pictographs, AP5: Petroglyphs.

d) Rock Shelter AP14: Rock shelter/cave.

e) Cairns and Burials AP9: Burials, AP8: Cairns/rock features
f) Lithic AP12: Quarry, AP2: Lithic scatter.

We developed distribution models based on known
site locations of eight different types of historic and
prehistoric sites.

Archeological Sites

The Death Valley region has had various forms

of human occupation that date to at least 10,000
years ago, and numerous sites hold evidence of past
activities. Among the documented sites, there is
evidence of lithic quarries, hunting camps, mines,
rock carvings or paintings, and historic residences,
among others. The archeological sites identified by
the Death Valley park office and provided for this
project were coded to reflect the time period and
type of use at the site, as well as a number of other
features related to the size and survey or report
related to the site. For the purpose of this project,

we considered time period distinctions between
prehistoric and historic periods. The sites for which
models were developed were classified into two
historic and six prehistoric site types, as described
below.

The most common types of prehistoric site, with at
least 200 sites in the group, included the site classes
Lithic scatter, Cairns/rock features, Hearth/pits, and
Ceramic scatter. Historic sites were much smaller in
numbers, with Foundations/structure pads, Mines/
quarries/tailings, and Mine structure/buildings being
the most numerous. For the purpose of developing
models, we ran Maxent with the following classes of
sites selected to have a fairly large number of sites
and to be representative of site types at the park.
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Historic
Residences

192 total sites

Most important landscape
features:
Distance to springs (57%)
Elevation
Distance to playas
Distance to ponds

There were 192 total sites used for this model and
defined as historic residential sites. The landscape
feature most related to the location of these sites
was the distance to springs. The distance to springs
was the most important variable in all eight of the
models, with this one variable contributing to 57
percent of the model outcome in this case. This was

a relatively strong model, with the second highest
values in indicators of model power. Elevation

was the second strongest variable in the model,
while distance to playas and distance to ponds were
somewhat important — both provided about a 7
percent contribution.
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61 total sites

Most important landscape
features:
Distance to springs (37%)
Geology (32%)
Nearer to gneiss features
Not near to faults

There were 61 total sites used for this model and
defined as historic mining sites. The two landscape
features most related to the location of these sites
were the distance to springs and geology. These
two variables were about of equal importance of

cheological Innovation

Historic Mines

37 percent and 32 percent respectively. This was a
moderately strong model, with the fourth highest
values in indicators of model power. Gneiss features
had a strong positive influence on site locations. The
sites tended to be away from faults.
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Prehistoric
Habitation

562 total sites

Most important landscape
features:
* Distance to springs (33%)
* Elevation (32%) — lowest
areas not likely to have
sites

These sites did not tend to be
well defined in a particular niche,
but were found more generally
throughout

There were 562 total sites used for this model and
defined as prehistoric habitation. The two landscape
features most related to the location of these sites
were the distance to springs and elevation. These
two variables were about of equal importance of

33 percent and 32 percent respectively. The lowest
elevations were not likely to have evidence of these
site types. This model was weaker than all but two
other models, probably reflecting the general nature
of these sites.
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Prehistoric Bedrock
Milling

127 total sites

Most important landscape
features:
* Distance to springs
(33%)
* Slope —flatter areas
(17%)

Strongest of the 8 models

There were 127 total sites used for this model and models, with flatter places more likely to support
defined as bedrock milling. In this model, the sites. This was the strongest of all of the eight
landscape feature most related to the location of models, indicating that the site definitions and the
these sites was the distance to springs. The influence landscape features included here were well defined.

of slope was somewhat unusual compared to other
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Prehistoric Rock Art

169 total sites

Most important landscape
features:
Distance to springs (57%
Slope
Soils — Especially found
on gravelly loam coarse
sand & granodirorite

There were 169 total sites used for this model and
defined as rock art. Besides distance to springs,

this site type also had some influence of slope, with
flatter places less likely to be associated with sites.
Soils and geology were both important, with gravelly
loam coarse sand soil and granodiorite having a
positive association and rhyolite have a negative one.

There was tendency for sites to be at a moderate
range of elevation, on northwest facing slopes and
fewer sites were either at very low and very high
elevations. This was the second weakest of the eight
models and, with eight of the landscape variables
contributing 5 percent or more, was

relatively complex.
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Prehistoric Rock Shelter

111 total sites

Most important landscape
features:
Distance to springs
Distance to perennial
streams
Moderate distance to
SEVER
More common in flatter
to moderately sloped
areas

There were 111 total sites used for this model and a non-linear relationship to playas, and were more
defined as rock shelters. Besides the importance common in flatter to moderate slopes. This was a
of location to the distance to springs, three other relatively strong model, the third strongest of the
variables all had a fairly strong influence. These sites eight.

tended to be closer to perennial streams, to have
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Prehistoric Cairns
and Burial

550 total sites

Most important landscape
features:
Distance to springs
Elevation — both low and
moderately high places
Distance to ponds
Somewhat related to
faults

There were 550 total sites used for this model

and defined as cairn or burial sites. Besides the
importance of location to the distance to springs,
elevation was almost as important at 30 percent and
21 percent respectively. These sites tended to be
found at both low and moderately high elevations,

but to not be found in a band of moderate elevation.
They were more common closer to ponds and

were somewhat associated with faults. This was a
moderately strong model, the fifth strongest of the
eight.
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Prehistoric Lithic

1149 total sites

Most important landscape
features:
* Distance to springs
* Elevation — several

different elevation bands
* Somewhat related to

dune sands

The weakest model — notably

less strong than the others

There were 1149 total sites used for this model and
defined as lithic sites. This was the largest site group
and represents the most general of the sites, with
these sites tending to be found in the same locations
as many other site types and not being strongly
associated with particular niches. The lithic sites
tended to be found near springs, were associated

cheological Innovation

with several elevation bands, with flatter places,
with lower depth to a restrictive layer, and positively
associated with dune sand. This was the weakest
model of the eight and was notably less strong than
the seventh strongest model — prehistoric habitation.
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Summary of model for 8 site types. The AUC value indicates the
strength of the model. Numbers in the table are the percentage

contribution of that landscape feature

Spring | Pond | Playa | Fault

Site Type

Peren.
Strm

Txt Dany Aws

Residence 57 7 7
192 sites
AUC=0.942

Mines 37 6 74
61 sites
AUC=0.938

Habitation 33 5
562 sites
AUC=0.916

32

Bedrock 33 6 6 3
Milling

127 sites
AUC=0.962

17 7

Rock Art 36 6
169 sites
AUC=0.928

Rock Shelter 40 5 12 12
111 sites
AUC=0.948

10 5

Burials & 30 9 5 74
Cairns

550 sites
AUC=0.922

21

Lithic 40
1149 sites
AUC=0.866

13

Discussion and Recommendations

It is important to keep in mind in the interpretation
of these models that they were developed and
executed as preliminary findings to better
demonstrate both the value and challenges inherent
in this process. We suggest that several important
considerations should guide future modeling of
archeological sites at Death Valley National Park:

1. The archeological data present in the DEVA
database is biased in multiple and often unknown
ways.

Surveying for sites is not often a strictly-managed
and scientifically designed effort. Some sites are

entered into the database due to casual observations;
others were part of specific projects such as road or
building construction; and for some sites, the design
of the reconnaissance was not recorded or well
defined. The tendency to collect site information
differentially near roads or other access points could
have a particular impact on the types of landscape
features that are associated with sites. Different parts
of the DEVA have separate management histories

as land was added over the years. The focus and
specific interests of key individuals during the park’s
history was especially important in sites entered into
the database from older surveys and reports.
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A related issue of site data integrity is the precision
of the site locations. Some of the older sites were
located using small-scale maps and were very
imprecise relative to more recent GPS-located sites.
The tendency for sites in an area to have similar
precision and bias issues would affect the landscape
approach used here.

The approach taken here to estimate site potential
using Maxent can be adapted to provide an approach
that is more sensitive to these biases. It may be that
better models could be developed using a smaller
number of sites but limiting the set to those with
higher data integrity. Another important area that
needs to be considered is the selection of the points
used by Maxent as the “zero” values against which
to compare the site location data. In the models
described here, 10,000 random points were created
by Maxent to represent the non-site areas. When
there are survey results with true zeros, then these
can be used instead of random points. In addition,
the user can limit the analysis to develop the model
only in those areas where surveys have been
completed. The need to determine the reliability of
the surveys and to develop a more nuanced metric
for the site occurrence or lack thereof is an important
area of future work.

2. The landscape variables used in the models were
selected for use partly due to the resource constraints
associated with the project objectives. They were

not always ideal as representations of the landscape
factors of interest. The geological and soils maps
were particularly lacking in detail and were not
optimal for identifying important characteristics
relative to the site types. The inclusion in the model
execution of the full set of all possible options in

the soil texture and geological features categorical
variables may have made these models more
complex than needed. A more judicious approach
would be to build the model based on hypothesized
relationships, rendered as simplified versions of
those data and including only selected options within
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them. Future efforts of modeling could be improved
by looking at each landscape variable more critically
relative to the specific site type in question. If
possible, temporal issues could be more clearly
represented, with the past landscape features such

as vegetation estimates being possible additional
environmental layers. Another example would be to
estimate the extent to which springs have become
dry over time.

3. The use of Maxent to develop the models has
many appealing characteristics.

4. The archeological sites were placed into groups
for the development of the eight models, and these
groups should be evaluated critically to assess

what they represent and to modify these groupings
accordingly. For future model development, it might
also be useful to create site groups that more likely
to have been temporally contemporaneous. Another
possibility would be to consider grouping sites as
assemblages that have logical connections. It may
also be helpful to use the site locations themselves
as model input for site location modeling. Sites tend
to be near other sites of the same type, for example
or there may be a tendency for some sites to be
near another type of site. These relationships might
be developed from prior knowledge of the staff
archeologists, from literature, or developed through
spatial data analysis of the existing archeological
sites.

In summary, we have found the eco-niche Maxent
approach to development of archeological site
models for the Death Valley National Park to be
informative, but not definitive. We recommend

that future models be developed for fewer and

more specific site types, taking into account the
landscape factors of that are most important. The
results of these models can then be interpreted more
completely and used to develop maps that reflect
management goals and plans, with the understanding
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that these models can be run in multiple ways

in order to focus on the changing priorities and
requirements for sustainable site management.
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Discussion and Recommendations
From 2007-2013, Iowa and Minnesota acquired
statewide, 1m horizontal resolution Light Detecting
and Ranging (LiDAR) imagery, with both states
making the data available for unrestricted public
download and viewing on the Web. The four
studies summarized in this paper found that
mounds as small as 3 m diameter and 30 cm high
were readily visible in these datasets. The studies
successfully identified 37 percent of 8,726 mounds
previously recorded at a total of 758 sites located
in physiographically-varied regions of each state.
Two studies, including one funded by NCPTT,
developed LiDAR Surveyor, an ArcGIS model
that scans large tracts of land, extracting features
with the characteristic 3D geometry of conical
mounds in LiDAR. The current version scanned

86 km? in seven physiographically-varied areas
of interest, identifying 1216 total mound marks

(12 km?), flagging 88 percent as false positives,
and identifying potential mounds at twenty-five

of twenty-eight known mound sites within the
study areas. The clustering of detected mounds in
these 25 groups illustrates the model’s utility for
prospection, identifying specific areas within which
to target costly field verification surveys. The other
two studies summarized here achieved mound
detection rates of 36 percent by incorporating
georeferenced maps and digitized survey traverses to
assist in searching LiDAR for 6223 known mounds
in seventeen Minnesota counties; 118 previously
unknown potential mounds at twelve sites. The
studies provided important information about land
use factors contributing to mound destruction and
preservation. The four studies underscore that
archaeologists using LIDAR must be aware of, and
explicitly account for, the limitations of LIDAR
when using it for archaeological prospection and
verification.

Introduction

Between 1000 BC and AD 1200, Native Americans
in eastern and central North America interred their
dead in earthen mounds. Construction of these and
other earthworks were part of major changes in

the demographic, economic, political, and spiritual
organization of human culture throughout the North
American continent. The spatial organization of
mounds and other earthworks on the landscape

has informed scholars about territorial control

and astronomical knowledge of ancient people.
Archaeological excavations of mounds, although
rarely conducted today, provide important insights
into prehistoric demography, diet, and pathology,
through the osteological analysis of the human
interments. In addition to their significance to the
humanities, burial mounds are venerated by Native
Americans who trace their ancestry to the mounds’
builders. Mounds are also among the nation’s most
threatened archaeological sites. Mounds tend to be
concentrated along major rivers and lakes, where
urban expansion and recreational development have
profound effects on their survival.

Airborne light detection and ranging
(LiDAR) has emerged as a technology with great
promise for identifying, preserving, and studying
ancient earthworks. The LiDAR technology
discussed in this paper uses airborne lasers to
measure ground surface elevations to submeter
accuracy and can yield remarkably images of
prehistoric features (Figure 1).

An increasing number of federal, state, and
city governments are acquiring LiDAR data for
use for a wide variety of purposes. For example,
Iowa acquired LiDAR imagery for the entire state
between 2007 and 2010, and Minnesota conducted
statewide acquisition from 2010-2013
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(http://ortho.gis.1astate.edu/#MapLayers; http:/www.

mngeo.state.mn.us/committee/elevation/mn_elev_
mapping.html; last accessed 11/18/2015).

The Iowa and Minnesota statewide LiDAR
datasets were acquired and processed to USGS
standards (Heidemann 2014; Minnesota Geospatial
Information Office 2013). Riley (2009) found these
accuracy standards to be sufficient to detect mounds
as small as 5 m diameter and 30 cm high. The data
must achieve a horizontal positional accuracy of 1 m,
meaning that 95 percent of the points must be within
I m of the x,y coordinates assigned to them. Vertical
accuracy varies with vegetation cover ranging from
18.5 cm for bare-earth conditions (e.g., a pasture
or plowed field) to 37 cm for heavy vegetation. To
ensure the highest accuracy possible, 90 percent of
the data must be collected under leaf-off conditions.

The Iowa and Minnesota datasets are
available for unrestricted viewing and downloading.
For archaeologists and the others in the historic
preservation community, this poses a double-edged
sword. On one hand, it offers the potential of high
resolution mapping and spatial analysis of known
mounds, and of prospection for unknown features.
On the other hand, it increases the vulnerability of
mounds to detection and disturbance by vandalism.

NCPTT and OSA

Iowa’s Office of the State Archaeologist (OSA) is a
research unit within the University of lowa. Its
statutory responsibilities include the maintenance
of the Iowa Site File, the master inventory of the
state’s recorded archaeological sites, as well as the
protection of all human burials in the state over 150
years in age. NCPTT Preservation Technology and
Training (PTT) grants have allowed the office to
advance both missions through the application of
cutting edge technology.

Site Records

In 2003-2005, PTT grant funding allowed OSA to
move the lowa Site File from a desktop GIS to a
web-based, interactive map browser called I-Sites
(Artz 2003). I-Sites was innovative in several ways,
one of which was that it included two separate

GIS interfaces to site locations. One, restricted to
professional archaeologists, provides a web map
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service that allowed users to pan, zoom, and query
actual site locations across the entire state. The
other, with unrestricted access, displays site counts
aggregated by Public Land Survey System sections,
displaying information about known site density
without revealing exact locations. With occasional
improvements, I-Sites has run continuously since
its NCPTT-sponsored debut in 2003. I-Sites
revolutionized background searches for cultural
resource management in lowa, allowing professional
users to query the lowa Site File from remote
computers, without having to travel to lowa City, as
had previously been required (Artz and Eck 2006).

Burials Protection

Iowa was one of the first states in the nation to
develop a positive, forward-looking policy for the
treatment of prehistoric Native American human
remains that collaboratively addressed Native
American concerns for respectful treatment of
remains (Anderson et al. 1978). This policy, backed
by state law, has successfully allowed OSA to serve
as a bastion for the preservation of burial sites over
150 years old, and for the successful negotiation of
outcomes where disinterment is unavoidable.

LiDAR Surveyor, OSA’s second NCPTT-
funded project, was undertaken to assist OSA in that
mission by providing a tool for the proactive location
of possible ancient burials in advance of threats from
development and other vectors of disturbance. PTT
Grant MT-2210-11-NC-08 allowed OSA researcher
Melanie Riley to continue development of a GIS
model, the subject of her master’s thesis (Riley
2009), to automate the processing of LiDAR data to
search large areas for the characteristic geometry of
burial mounds, hopefully leading to the detection and
protection of previously unrecorded mound sites.

LiDAR Surveyor runs in ArcGIS, the
software used by many if not most agencies,
NGOs, and private firms that currently employ GIS
technology for historic preservation. The LiDAR
Surveyor tool is packed as an ArcGIS toolbox for
use in ArcGIS 10 without having to go through an
installation process. An operation manual is included
that explains how to load the tool into ArcGIS and
explains the graphic user interface developed for
each step. The tool and manual is available for
dissemination to professional archaeologists and
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preservationists with permission from the University
of Iowa Office of the State Archaeologist by
contacting http://archaeology.uiowa.edu/contact-us
(last accessed 11/18/2015).

OSA LiDAR Studies

The studies discussed here fall into two nonmutually
exclusive categories: verification and prospection.
Verification studies used LiDAR to locate previously
recorded mounds and earthworks at known
archaeological sites. These studies not only
demonstrate the utility of LIDAR for this purpose,
but also served to verify the presence and
preservation of mounds at sites that, in some cases,
had not been revisited since they were first recorded
over 100 years ago. Prospection studies explored
methods for automating the processing of LIDAR
data to search large areas for previously unrecorded
mound sites.

Results of four studies are summarized in
this paper. Discussion focuses on results of the
studies in terms of the success of mound detection.
Methods of analysis are discussed in detail in the
individual project reports. The location of AOIs is
shown in Figure 2. Projects in Minnesota focused on
entire counties, 17 in all. In Iowa, studies focused on
particular sites. For simplicity and security, specific
sites are not shown; instead, the county containing
the sites are shaded.

LiDAR has been employed for prehistoric
feature detection in several OSA studies not
discussed here. These include Riley (2010, 2012a),
Whittaker (2009), Whittaker and Kendall (2007),
and Whittaker and Riley (2012).

Prospection

LiDAR Surveyor (Riley 2012b) and its prototype
(Riley 2009) are examples of a relatively common
type of GIS analysis called feature extraction.
Feature extraction algorithms scan LiDAR data for
patterns that match the geometry of a specific kind
of three-dimensional feature, such buildings, and
extracts those features into

separate datasets for individualized visualization and
analysis (Dilts et al. 2010; Hewett 2005; Mass and
Vosselman 1999; Opitz et al. 2006; Maune 2007).

Mound Geometry

Riley (2009) developed criteria to describe

the characteristic geometry shared by burial
mounds in Jowa and adjacent states that could be
operationalized using common GIS geoprocessing
tools. Her data were derived primarily from detailed
measurements compiled by Green et al. (2001) for
Effigy Mounds National Monument and by Stanley
and Stanley (1989) for the Slinde Mound Group,
both located in northeast lowa. These surveys
revealed mound diameters ranging from 4.6-16.9

m and 0.35 to 3.63 m in height (Table 1). Although
both larger and smaller mounds are known, the
metrics in Table 1 provide an accurate impression of
the size of conical mounds in Iowa, and were used
by Riley (2009) to define a focal neighborhood to
define the range of sizes that her algorithms would
use to identify conical mounds in LiDAR.

Prototype

For the prototype model of what became LiDAR
Surveyor, Riley (2009) hypothesized that conical
mounds would exhibit facing directions, referred to
as aspects, ranging from 0-360 degrees. An abrupt
break in slope would occur at the outer margins.
Applying concepts techniques from hydrological
modeling, she reasoned that a mound could be
treated as a watershed with a single pour point at
the top of the dome from which water would flow
in all directions. Consequently, the total area of
accumulated flow as water reached the mound’s
margins should equal the base area of the mound.

She applied the model to five lowa study
areas, referred to areas of interest (AOIs) distributed
across the state in regions of differing physiography
(Figure 2). In two areas, in Keokuk and Clinton
counties, the location of the mounds being searched
for was poorly known and not field verified, making
them poor tests for the
model’s detection capabilities.

For the other three project areas, in Lucas
County, at Effigy Mounds National Monument
in Allamakee County, and at Slinde Mound State
Preserve, the model successfully detected 54 of 72
(75 percent) field-verified mounds that were visible
in hillshade relief images of the AOIs (Table 2,
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Figure 3a), finding mounds as small as 5 m diameter
and 30 cm high. Figure 4 illustrates how a mound
group (upper left) was represented in separate maps
of aspect and slope, and as marks in the final model
output (lower right).

Unexpectedly the model detected not only
conical mounds but also linear and effigy mounds.
Although not circular in planform, these mound
types were similar in width, height, and slope to
conicals, and thus passed the model’s criteria for
marking as possible mounds (Riley 2009).

Despite a high success rate in mound
detection, the model unfortunately also marked
many non-mound features. In areas that had been
thoroughly field-surveyed for mounds, and where
mound locations were well documented, 96 percent
of all landscape features identified by the model
as potential mounds were false positives; in other
words, features identified as mounds at locations
where field survey had not identified a mound
(Table 2, Figure 3). False positives were widely
spread throughout the individual AOIs. The map
at left in Figure 5, for example, shows the location
of all features marked by the prototype model as
possible mounds in the Effigy Mounds AOI Figure
5). Manual, visual inspection of off-site mounds
in aerial photographs and by visual enhancement
identify most upwardly-convex earthen features
such as ridges of soils along fence lines and natural
levees along stream banks. Other false positives were
confirmed by aerial photographs as the
canopies of isolated trees or clumps of brush that had
escaped filtering during creation of the BE-DEM.

LiDAR Surveyor

The second version of Riley’s model, the PTT-
funded LiDAR Surveyor, was designed to reduce
the number of false positives. It was applied to ten
AOIs located in different landscape settings in lowa
and Minnesota (Figure 2). As Riley (2012b) ran
numerous test runs attempting to find a model that
would suffice to identify all

potential mounds, it became clear that this was not
possible. “One [test] model that does well for low-
relief mounds in areas with a lot of noise, either
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because of fluvial landscapes or poor vegetation
filtration, may not do well with preserving marks
for strings of well-formed mounds that are close
together on a narrow ridge. Mounds that one [test]
model may not have detected were marked heavily
by the other model” (Riley 2012b).Therefore,

after initial processing steps similar to those of the
prototype, the modified-model possible mound
marks were further classified according to potential
problems that contributed to misclassification of
raised features as potential mounds. These problems
include mounds that are less regular in shape or that
have less pronounced changes in slope at their outer
edges. Another process was intended to recognize
closely-spaced mounds to prevent their being merge
into a single linear feature that might be eliminated
because it was too long or subrounded. Another
process was applied to large mound-like features
that sometimes escaped detection because of their
broader, somewhat flattened centers.

In the LiDAR Surveyor model, for all AOIs
combined, 1065 marks (88 percent) were false
positives, compared to 1148 (96 percent) in LIDAR
Surveyor (Table 2), suggesting only a nine percent
improvement. However, the prototype scanned only

15.7 km? of land, compared to 86.3 km? scanned
by LiDAR Surveyor. Adjusted for survey area,
the effectiveness of LiDAR surveyor is seen to be
considerably greater, detecting 9 false positives

per km?, compared to 73 per km? for the prototype
(Table 2, Figure 3). The reduction in false positives
at Effigy Mounds is apparent in Figure 4, in which

all mound-like features detected by the models are

shown in yellow.

The reduction in false positives, however,
came at a price. LIDAR Surveyor detected only
52 percent (151 of 289 mounds in the seven AOIs,
compared to 75 percent (fifty-four of seventy-
two) in the prototype study (Table 2; Figure 4).
The 23 percent drop in mound detection indicates
that LIDAR Surveyor was overly conservative in
eliminating mound marks. On the other hand, if it
had been used as a prospection tool, the model would
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have detected twenty-five of the twenty-eight sites
(89 percent), with the three missed sites having only
nine mounds. This gave Riley (2012b) confidence
that LiDAR Surveyor had utility as a prospection
tool.

Riley (2012b) examined a sample of 134
false positives in the Effigy Mounds and Houston
County AOIs. The examination consisted of closer
study of LiDAR imagery, supplemented with aerial
photography. About 40 percent of the features were
modern, manmade structures that did not at all
resemble a mound when examined more closely
in LiIDAR imagery and aerial photographs. These
included the semi-conical ends of erosion-control
terraces and rural dams, and places where farm
buildings had been inadequately cleaned from the
LiDAR in creating the bare-earth DEM. Vegetation,
natural landscape features, and noise in the DEM
itself also contributed to false positives.

Knowledge of the factors that contribute
to false positives could be the basis for further
improving the LIDAR Surveyor model, or at least
as a guide to manually weeding out false positives.
However, if used for prospection, the results
from LiDAR Surveyor underscore what most
archaeologists would take as a given: field-checking
is the only way to be sure that a false positive is not
actually a mound. LiDAR Surveyor, by reducing the
number of false positives, makes this a less daunting
task then the prototype model would have indicated.

Verification

LiDAR Surveyor was not used in the two studies
summarized below for purposes having to do less
with the model’s efficacy, but with the purpose and
scope of the projects. Both studies were aimed, not
at prospection for mounds, but verifying known
sites. Both began with intensive literature searches
to locate the best quality maps and other locational
information to determine where mounds had
previously been recorded. The LiDAR

analysis focused on these specific sites. This differed
from the studies discussed in the preceding section,
the purpose was to determine the effectiveness

of LiDAR for prospecting for mound sites within
large swaths of terrain. by scanning large areas.

The intensive processing requirements of LiDAR
Surveyor were beyond the needs of a site-specific
analysis, where manual visualization techniques
were sufficient to meet project goals.

Verification (Riley et al. 2012)

Field verification was the objective of a grant-
supported project awarded to UI-OSA by the State
Historical Society of Minnesota with funding from
that state’s Arts and Cultural Heritage Fund (http://
www.legacy.leg.mn/funds/arts-cultural-heritage-
fund). The project’s AOIs were previously recorded
mound sites in Scott and Crow Wing counties,
Minnesota (Riley et al. 2012). The first task was

an extensive review of documents and databases
housed at the Minnesota’s Office of the State
Archaeologist. A preliminary GIS study digitized
point features for 791 mounds and other earthworks
for which good map data existed. LIDAR analysis
detected earthen features on 46 percent (n=37) of
the sites, including 279 mounds, four non-mound
earthworks, and two house depressions. A total of
eighty sites with known mounds were examined in
LiDAR. In the process five previously unrecorded
possible mound sites were detected. For eighteen
sites that could not be detected in LiDAR, previous
field surveys or LiDAR indicated total destruction
by historic land use.

The major factor in the failure of LiDAR to
detect mounds was the poor quality of the LIDAR
data. Private sector vendors contracted by Crow
Wing County flew the LiDAR missions far too late
in the spring. As the work progressed from west to
east, data quality progressively decreased as trees
leafed out, preventing the laser pulses from reaching
the surface (Figure 6). Data for the eastern part of
the county was not reliable for mound detection, but
unfortunately, most of the mound sites in this county
are located near its east boundary, where mortuary
sites cluster in the vicinity of several large natural
lakes.

In Scott County, the vendor’s contract stated
only that two-foot contours were to be provided.
In level terrain with widely spaced contours,
fewer points were needed, and thus these areas
were excessively thinned. In steep terrain, a high
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density of points was retained in order to produce
closer spaced contours. In an example (Figure 7),
the vendor thinned data points on a ridgetop, where

mounds were located, to as little as 1 per 5-10 m?,
while the adjacent steep slopes had point densities

of 1 per 1.27 m?. Consequently, point density on
ridge- or terrace-top mound sites was often too low
to detect mounds.

The study included a fieldwork component,
intended to ground truth the LiDAR results. A
sample of ten sites was selected for field visits
to identify and map mounds using standard field
survey techniques. Because of the poor quality of
the LiDAR data in these two counties, the field work
ended up detecting more mounds than had been
located using LiDAR. The results of the study made
clear that before using LIDAR for mound detection,
the data and the specifications under which the
LiDAR data was obtained and processed must be
critically examined for potential errors that might
limit the identification of relatively small and subtle
earthen features like burial mounds (Riley et al.
2012).

Historic Records Verification (Artz et al. 2013)

Again with Minnesota Arts and Cultural Heritage
funding administered by the Minnesota State
Historical Society, Artz et al. (2013) used a
combination of map, site records, and LiDAR
analysis to conduct a desktop assessment of all
recorded mound sites in sixteen Minnesota counties.
The researchers were able to use recently acquired
LiDAR obtained to USGS specifications for all of
Minnesota. A major purpose of the study was to
document that the statewide LiDAR data, recently
acquired for the state of Minnesota and flown to
USGS specifications, would be of use to Minnesota’s
Office of the State Archaeologist in identifying and
protecting mounds. Unlike the county-acquired data
available to Riley et al. (2012), the statewide datasets
proved adequate for this purpose.

The study examined 650 mound sites with
7646 individual mounds. Analysis of historical
maps and archaeological survey data resulted in the
georeferencing of the possible locations of 6223 of
these mounds. LiDAR data from these sites were
analyzed using a number of methods, including
default hillshades, custom hillshades, close-interval
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contours, and point clouds of data. A total of 2181
mounded features (28.4 percent) was clearly seen
in LiDAR within site areas, and an additional 597
were possibly observed but were too indistinct to
be certain, for a total of 2778 mounds (36.2 percent
of all documented mounds). Although prospection
was not a purpose of the project, 118 possibly new
mounds were observed in LiDAR at twelve sites in
six counties.

Mound survivorship varied greatly by land use.
Fifty-four percent of mounds were found in
predominantly wooded areas, but only 7.5 percent
of mounds were found in developed areas. Mound
survivorship is negatively correlated with the year
the mound was first recorded. Only about 5 percent

of mounds first recorded in the 19™ century were
identified in LiDAR versus 80 percent of those
recorded since 1990. Sites recorded before 1880
average seventeen mounds per site, primarily in large
groups, declining to an average of 2.5 mounds per
site after 1990.

Unlike the data available to Riley et al.
(2012), Artz et al. (2013) which were able to use
LiDAR acquired to USGS specifications for the
State of Minnesota. One major purpose of the study
was to document that the statewide LiDAR data
would be of use to Minnesota’s Office of the State
Archaeologist in identifying and protecting mounds.
The data proved more than adequate for this purpose,
with none of the severe problems caused by the
substandard data available for the earlier study.

Conclusions

Potential Limitations of LiDAR

The statewide LiDAR datasets for lowa and
Minnesota used by Riley (2009, 2012b) and Artz
and Riley (2010) were flown and processed to USGS
specifications. The data are of sufficient accuracy

to detect burial mounds as small as 10 m diameter
and 30 cm high. As shown by Riley et al. (2010),
caution is imperative if LIDAR has been flown to
lesser specifications. This means that archaeologists,
and other users of the data, must read the metadata,
check the websites serving the data, or as in the case
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of Riley et al. (2012) contact the agency or private
sector vendors responsible for its acquisition.

Even good quality LiDAR has caveats
with which archaeologists should become familiar.
LiDAR is always extensively processed prior to
release. Airborne LiDAR is acquired by aircraft
flying overlapping passes of the landscape,
scanning the terrain with laser pulses that reflect
off objects below. All pulses that return to the
airplane are measured for their return time, and x,
y, z coordinates of the objects off which the pulses
bounced are calculated. Within this “total return”
cloud of points, a subset reached the ground surface,
while others reflect off above ground features such
as vegetation and buildings. The three-dimensional
total return coordinates are provided to users as LAS
files, LAS standing for Laser file format. Although
LAS files are often referred to by end-users as the
“raw” LiDAR data, they are a subset of the total
return, having been extensively thinned to remove
redundant data.

Further processing of the LAS data identifies
a subset of the total return known as the “last
return.” These are the points that traveled furthest to
reach their targets, which means that they reached
and were reflected back from the ground surface.
The last return points are used to create bare-earth
digital elevation models (BE-DEMs). The studies
summarized in this paper make use of 1 m BE-
DEMs, and despite stringent accuracy standards,
users must understand that the points used in their
creation have been sorted and classified to extract
non-ground points, then thinned and interpolated
from a random scatter of points into a regular grid of
elevation values.

In particular, archaeologists must be
aware that the processing algorithms that result in
the selection of points interpreted as the ground
surface are created by nonarchaeologists for
nonarchaeological purposes. The emphasis is on
the removal of vegetation and of modern structures
such as buildings that are primarily rectilinear and
straight sided. Conical mounds of earth are not the
kinds of features the algorithms are “trained” to
look for. Nevertheless, we have shown, the bare-

earth point density is usually sufficiently dense and
the algorithms sufficiently robust, that mound-like
features are readily detectable, especially in areas
where the vegetation canopy is sparse. In wooded
and developed areas, however, the BE-DEMs often
have a “lumpy” appearance due to unfilterable
noise. In such areas, Riley et al. (2010) found that
a common occurrence is the planar “scalping” of
mound, with upper parts of the mound classified

as non-ground points and removed, leaving only

a flat-topped “stump” of a mound in the DEM. In
such situations, the total return point cloud data
often retains the shape of the mound, which can be
extracted by reclassification of the LAS data (Riley
et al. 2010).

The LiDAR product most often used by
archaeologists is the hill-shaded relief models
created from BE-DEMs. In the studies summarized
herein, most LiDAR-detected mounds were visible
in the out-of-the-box hillshades available for
download or on-line interactively through web
services. It must be kept in mind that the default
hillshade used by programs most commonly seen in
LiDAR-derived and other hillshaded data is set to
mimic a light source from due northwest, 45 degrees
above the horizon. This angle may be too high to
bring low relief features such as burial mounds into
view. At sites on east and south facing slopes, the
default northwest light source may cast shadows
that obscure, rather than heighten, the relief of
prehistoric earthworks.

Two-foot contours produced from LiDAR
are also available for downloading for lowa and
Minnesota. While useful for many applications,
including the georeferencing of historic maps,
their use for mound detection should be avoided.
The contours are not generated directly from the 1
m BE-DEMs. Instead, the BE-DEM is simplified
to a 3 m resolution by interpolating a value based
on interpolation from 3 x 3 m blocks of 1 m cells.
Instead of being interpolated from a grid of one
elevation value for every 1 m?, the contours are
interpolated from a grid of one elevation value
for every 9 m®. Features the height and diameter
of burial mounds are easily lost in creation of the
two-foot contours. Fortunately, 1 m DEMs are
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available for download for both lowa and Minnesota.
Generation of contours and hillshades from the 1

m BE-DEM is strongly recommended for mound
detection.

Mounds identified solely based on LiDAR
analysis should be field verified. Artz et al. (2013),
Riley et al. (2012) and Whittaker and Riley (2012)
found that many features that appear mound-like in
LiDAR were actually features such as brush piles,
bedrock outcrops, straw bales, late historic piles of
earth, and false images created in LiDAR.

Contours vs. Raster Methods

Riley (2009, 2010) and Riley et al. (2012) used raster
methods for mound prospection and verification.
Rasters are grids of cells, each encoded with a value.
A BE-DEM is a raster dataset in which each cell has
an elevation value. Raster data can be manipulated in
the GIS environment to enhance mound relief. The
direction and azimuth of the virtual light source can
be manipulated to control the contrast of lighted vs.
shadows to bring out low relief features. In GIS
programs capable of working in 3-D, the view can be
rotated and tilted to examine a potential mound from
several angles. Vertical exaggeration can also be
employed to increase relief to facilitate visualization.

Working with raster data requires advanced
skills, intensive computer processing, can be time
consuming, and can require expensive extensions
such as ESRI’s Spatial Analyst and 3-D Analyst.
Co-author Bristow found that Interpolating 10 cm
contours from 1 m BE-DEMs achieved the same
visualization enhancements as hillshade lighting and
vertical exaggeration (Artz et al. 2013). Contours
at this close an interval far exceeds the vertical
accuracy of 1 m LiDAR, but this is acceptable
as long as the analyst and end-user understand
that the data are not intended to represent actual
elevations, but rather to enhance trends in the surface
(Timothy Loesch, Minnesota Department of Natural
Resources, personal communication 2013).

The Importance of NCPTT

The empowering effect of NCPTT funding is
illustrated by the studies summarized above.
Those by Riley et al. (2010) and Artz et al. (2013)
were funded for purposes of identifying and
verifying important cultural resources, providing
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the Minnesota’s Office of the State Archaeologist
important information for managing and protecting
mound sites. In contrast, Riley’s (2009) master’s
thesis was a study conducted in an academic research
context, an environment arguably more conducive to
developing an innovative feature extraction tool for
use with LiDAR. Shortly after completing her thesis
and as a GIS specialist at OSA, a PTT grant allowed
her to continue her work by creating an improvement
of her prototype model.

The PTT grant allowed Riley to escape the
constraints of the site-centered, preservation-oriented
approach that characterizes most publically-funded
archaeological work in the United States. NCPTT not
only allowed, but encouraged her to innovate. The
proposal solicitation, in fact, explicitly stated that a
funded project did not necessarily need to succeed to
meet the grant requirements. Failure was an option.
This openness to innovate and explore was perhaps
the principle reason that OSA was attracted to apply
for PTT grants, not only for LIDAR Surveyor, but
also for the creation of a web interface for lowa’s
archaeological sites inventory.

I-Sites, the result of our first PTT grant (Artz
2003), revolutionized access to archaeological site
records in lowa, and has become indispensable to
those doing archaeological research and cultural
resource management in the State. In contrast,
although available to professional archaeologists
at no charge, OSA has received few requests for
LiDAR Surveyor. This is due in part to lack of
knowledge of the model. Its complexity exceeds the
skills of most archaeologists, and the Spatial Analyst
software it relies on is not affordable to many in
our discipline. Thus, in addition to improvements
to the model itself to increase its mound detection
capabilities, there is a need to move the model to
another open source platform not tied to a single
proprietary GIS program.




Detecting Mounds Using Airborne LiDAR: Case Studies from lowa and Minnesota

References Cited

Anderson, Duane C., Michael Finnegan, John A.
Hotopp, and Alton K. Fisher

1978 The Lewis Central School Site (13PW5):
A Resolution of Ideological Conflicts at an
Archaic Ossuary in Western lowa. Plains
Anthropologist 23:183-219.

Artz, Joe Alan

2003 [-Sites: An On-Line Database and GIS
for lowa Archaeology. Office of the State
Archaeologist, University of lowa, lowa
City, Iowa City. Submitted to National
Center for Preservation Technology and
Training, National Park Service, Grant
Agreement Number MT-2210-0-NC-17.

Artz, Joe Alan, and Colleen Eck

2006 Turning the Corner: Evolution of the I-Sites
On-Line Interface. Paper presented at the
64" Plains Anthropological Conference,
Topeka, Kansas.

Artz, Joe Alan, Emilia D. Bristow, and William E.
Whittaker

2013 Mapping Precontact Burial Mounds in
Sixteen Minnesota Counties using Light
Detection and Ranging (LiDAR). Contract
Completion Report 1976. Office of the State
Archaeologist, University of lowa, lowa
City.

Dilts, Thomas E., Jian Yang, and Peter J. Weisberg
(2010) Mapping Riparian Vegetation with
Lidar Data: Predicting Plant Community
Distribution Using Height Above River and
Flood Height. ArcUser (winter 2010:18-21).
Electronic document, http://www.esri.com/
news/arcuser/0110/files/mapping-with-lidar.pdf,
accessed October 13, 2010.

Green, William, Larry J. Zimmerman, Robin M.
Lillie, Dawn Makes Strong Move, and
Dawn Sly-Terpstra.

2001 Effigy Mounds National Monument

Cultural Affiliation Report, Volume I.
Research Papers 26(3). Office of the State
Archaeologist, University of lowa, lowa
City.

Heidemann, Hans Karl

2014 Lidar Base Specification (ver. 1.2,
November 2014). In U.S. Geological
Survey Techniques and
Methods, Book 11, Chap. B4. United States
Geological Survey, Washington, D.C.
(http://dx.doi.org/10.3133/tm11B4; last
accessed 11/23/2015).

Hewett, Michael

2005 Automating Feature Extraction with the
ArcGIS Spatial Analyst Extension. 25th
Annual ESRI
International User Conference Proceedings,
San Diego. Electronic document, http://
www 10.giscafe.com/link/display detail.
php?link 1d=13624, accessed October 13,
2010.

Mass, Hans G., and George Vosselman

1999 Two Algorithms for Extracting Building
Model from Raw Laser Altimetry Data.
ISPRS Journal of Photogrammetry and
Remote Sensing 54:153-163.

Maune, David F.

2007 DEM User Applications. In Digital
Elevation Model Technologies and
Applications: The DEM Users Manual. 2nd
ed. American Society for Photogrammetry
and Remote Sensing, Bethesda, Maryland.

Minnesota Geospatial Information Office

2012 MN Elevation Mapping Project. Electronic

document, http://www.mngeo.state.mn.us/

committee/elevation/mn_elev_mapping.
html, accessed 11/23/2015.


http://dx.doi.org/10.3133/tm11B4
http://www.mngeo.state.mn.us/committee/elevation/mn_elev_mapping.html
http://www.mngeo.state.mn.us/committee/elevation/mn_elev_mapping.html
http://www.mngeo.state.mn.us/committee/elevation/mn_elev_mapping.html

The National Center for Preservation Technolo
Retrospective of Sponsored Research for

Opitz, D.W., R. Rao, and J. S. Blundell

2006

Automated 3-D Feature Extraction from
Terrestrial and Airborne Lidar. ISPRS
Commission I'V: Bridging Remote Sensing
and GIS, 1st International Conference on
Object-based Image Analysis, Salzburg
University, Austria. Electronic document,

http://www.commission4.isprs.org, accessed
11/23/15.

Riley, Melanie A.

2009

2010

Automated Detection of Prehistoric Conical
Burial Mounds from LIDAR Bare-Earth
Digital Elevation Models. Unpublished
Master’s thesis, Department of Geology
and Geography, Northwest Missouri State
University, Maryville.

Locating Nebraska Phase Earthlodges

with LiDAR Bare-Earth Digital Elevation
Models and Return Intensity Data, Mills and
Pottawattamie Counties, lowa. In Cultural
Resources of the Loess Hills: A Focus Study
to Determine National Significance of
Selected Archaeological and Architectural
Cultural Resources along the Loess Hills
National Scenic Byway, edited by Melody
K. Pope, Joseph A. Tiffany, and Angela R.
Collins, pp. 5.1 — 5.27. Contract Completion
Report 1700. Office of the State
Archaeologist, University of lowa, lowa
City

2012a LiDAR Archaeological Prospection for the

McKinney Site (13LA1) and the Immediate
Vicinity, Louisa County, lowa: Site Search
2012061. Copy available from Office of the
State Archaeologist, University of lowa,
Iowa City.

2012bLiDAR Surveyor: A Tool for Automated

Archaeological Feature Extraction from
Light Detection and Ranging (LiDAR)
Elevation Data. Contract Completion Report
1898. Office of the State Archaeologist,
University of lowa, lowa City.

gX and Trainin%: A Twenty-year
r n

cheological Innovation

Riley, Melanie A., Joe Alan Artz, William E.

2010

Whittaker, Robin M. Lillie, and Andrew C.
Sorensen

Archaeological Prospection for Precontact
Burial Mounds Using Light Detection and
Ranging

(LiDAR) in Scott and Crow Wing Counties,
Minnesota. Contract Completion Report
1768. Office of the State Archaeologist,
University of lowa, lowa City.

Stanley, Lori A., and David G. Stanley

1989

National Register of Historic Places
Nomination Form: Slinde Mound Group.
Copy available at Office of the State
Archaeologist, University of lowa, lowa
City.

Whittaker, William E.

2009

2007

2012

Digital Mapping and Ground-Penetrating
Radar Survey of the Poisel Mound Group
(13DM226, 13DM338), Des Moines
County, lowa. Contract Completion Report
1681. Office of the State

Archaeologist, University of lowa, lowa
City.

Whittaker, William E., and Bryan Kendall

Mapping and Assessment of the Hinrichs-
Burger Mound Group, 13JH12, Sections 3
and 4, T79N-R6W, Johnson County, lowa.
Contract Completion Report 1521. Office of
the State Archaeologist, University of lowa,
Iowa City.

Whittaker, William E., and Melanie A. Riley

Human Landscapes in lowa s Past:
Establishing Mapping Protocols for LiDAR
Identification and Mapping of Prehistoric
Cultural Mound. Contract Completion
Report 1914. Office of the State
Archaeologist, University of lowa, lowa
City.




Detecting Mounds Using Airborne LiDAR: Case Studies from lowa and Minnesota

Tables
Table 1. Descriptive statistics for Northeast lowa Mound Groups (from Riley
2009:55).
Effigy Mounds Nat’] Monument Slinde Mounds
Diameter (m)  Height (cm) Diameter (m) Height (cm)
Median 55 6.1 95
Mean 8.96 74.27 7.52 85.87
Standard 2.78 5428 3.39 27.78
Dev.
Minimum 35 4.57 46
Maximum 16.85 263 15.24 153
Sources of data: Green et al. (2001); Stanley and Stanley (1989).
Table 2. Model Results.
PROTOTYPE (Riley 2009)
Number
Area Scanned | ©f Re- Number
corded Number % De- of False | % False | False Positives
Area of Interest (km?) Conicals | Detected | tected | Positives | Positives per km?
Effigy Mounds 6.7 53 43 81% 428 91% 63.5
Slinde AOI 4.9 17 10 59% 209 95% 42.4
Lucas AOI 4.0 2 1 50% 511 100% 127.8
Total 86.3 72 54 75% 1148 96% 733
LiDAR SURVEYOR (Riley 2012b)
Number
Area Scanned | ©Of Re- Number
corded Number % De- of False % False False Posi-
Area of Interest (km?) Conicals | Detected tected Positives | Positives | tives per km?
Effigy Mounds 6.7 58 30 52% 34 53% 5.0
Slinde 4.9 16 5 31% 10 67% 2.0
Lucas 4.0 2 0% 97 100% 24.3
Pikes Peak 25.0 122 84 69% 304 78% 12.2
Calhoun 2 2.1 11 0 0% 8 100% 3.8
Blood Run 24.5 58 19 33% 428 96% 17.5
Houston 19.0 22 13 59% 184 93% 9.7
Total 86.3 289 151 52% 1065 88% 12.3
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Figure 1. LIDAR image of the Sny-Magill mound group in Clayton County, lowa (graphic by Melanie Riley).
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Figure 2. Location of burial mound detection studies conducted by OSA researchers
(2008-2012).
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False Positives: Prototype vs. LIDAR
Surveyor

OPrototype (Riley 2009) W LiDAR Surveyor (Riley 2012)

1 | | |
Effigy Mounds AOI (n=58) h = | 64

slinde AOI (n=17) | a2

=
N

Lucas AOI (n=2) q 24

Combined AOIs F 5

| 128

| 73

0 20 40 60 80 100 120 140
False Positives per km?

Mound Detection: Prototype vs. LIDAR
Surveyor

O Prototype (Riley 2009) @ LIDAR Surveyor (Riley 2012)

1 | | | | | | | |

Efflgy Mounds AOI (n=58) W 2% | 81%
slinde AOI (n=17) ﬁ _— || 59%
0%

Lucas AOI (n=2) =

| 73%

Combined A0k . R 52

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%
Percent Detected

Figure 3. Comparison of prototype and LiDAR Surveyor results. Top: false positive marks

per km?. Bottom: percent of record mounds detected by models. Recorded mound sample
sizes are in parentheses after AOI names.
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Figure 4. Application of model (graphics from Riley 2012). Upper left: LiDAR hillshade of mound
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Figure 5. Maps of the Effigy Mounds AOI showing reduction of false positive mound marks in LIDAR
Surveyor versus the prototype model.
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Figure 6. Map of Crow Wing County, Minnesota, showing areas in black
that were classified as obscured by vegetation (from Riley et al. 2010).
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Figure 7. Map of 18CW65 vicinity showing differences in point density in the BE-DEM
resulting from the vendor’s selective over-thinning of last return points in level versus steep
areas (from Riley et al. 2010).




Incorporating Image Analysis
into Ceramic Thin-Section
Petrography

Chandra L. Reedy, University of Delaware

My first experience with digital image analysis of
ceramic thin sections was back in 2000, when
someone who was then a post-doctoral researcher
in my laboratory introduced me to this approach.
That was Elizabeth Goins, who is now an associate
professor at Rochester Institute of Technology.

We explored different approaches to segmenting,
or marking, phases for analysis (Goins and Reedy
2000).

Once phases are correctly identified by the
software, much information can be quickly obtained
about each component. Examples include the overall
area percentage occupied by that component; shape
characteristics, which may be related to geological
source; and size parameters, which may reflect the
presence of a temper additive along with silt and

other natural components of clay deposits.

I was convinced of the enormous potential
of this line of research, but realized that to fully
pursue it would require a period of dedicated
time and effort. In 2002, our laboratory received
a grant from NCPTT to research digital image
analysis of petrographic thin sections. That original
grant resulted in a document comparing two
comprehensive commercial software packages and
one free shareware package, taking each through
a series of typical operations important for image
analysis of archaeological thin sections. Each of

these programs works in somewhat different ways,

and each has its own strengths and challenges
(Reedy and Kamboj 2003).

Clemex is a comprehensive software
package, with many capabilities. It was a favorite
of a computer science graduate student working
in my laboratory. However, I found it to be more
difficult to use — I think having some programming
background would have helped. /mageJ has the
big advantage of being free — but we found, at that
time at least, it did not have all of the capabilities
we needed for our particular uses. For example, we
could measure layer thickness at specific points, but
could not obtain the average thickness of the entire
layer, with standard deviation. Getting technical
support when needed was also based upon finding
volunteer help posts and wikis. The Image-Pro
products, by Media Cybernetics, were for me as a

non-programmer the most intuitive to use.

When Media Cybernetics came out with their
most recent upgrade, /mage-Pro Premier, 1 found
it to be easy to use and to incorporate everything
that I need for image analysis of petrographic thin
sections. The company also began to offer free
technical support for this product. There are many
other programs available — but whichever one a
laboratory chooses, there will be the requirement of
time and practice to really get good at using it and to

be able to use it to full advantage.
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The original NCPTT grant work made us
competitive for a National Science Foundation grant
aimed at further developing protocols for using
image analysis with ceramic thin sections (NSF
grant 1005992). We began that work with laboratory-
prepared specimens. This allowed us to work under
controlled circumstances with specimens of known
composition. We then began to experiment with
various procedures and protocols to segment, or
highlight for analysis, particles and pores ( Reedy ef
al. 2014a, 2014Db).

For particles, we began with the easiest thing
to separate for analysis: quartz-rich sand within a
ceramic matrix. Once we were comfortable with that,
we moved on to more difficult phases. For example,
a more difficult problem is how to separate feldspars
from quartz. We found that this worked best using
plane polarized light images for segmentation, since
feldspars tend to look cloudier than quartz. The
image analysis program can use that cloudiness as
a way of distinguishing between the two phases.
However, some additional pre-processing steps were
first necessary to clearly distinguish the feldspars

from the clay matrix.

Figure 1 demonstrates another more
complicated segmentation problem. In this case, the
ceramic matrix contained a mica-rich sand. As the
upper image in Figure 1 shows, both the clear micas
and the clear quartz grains were segmented together
by the software, as the colors are close to identical
in plane polarized light (and crossed-polarized light
cannot be used because it results in many grains
being dark and hence invisible). In this case, we were

able to use a shape filter to filter out the quartz grains

cheological Innovation

(as on the lower image in Figure 1) and leave only

the micas marked for analysis, since they are more

elongated in shape.

Figure 1. When the sand component of a ceramic that is
rich in clear micas is segmented by image analysis software,
both the clear micas and clear quartz grains get highlighted
(upper image). Applying a shape filter leaves only the micas
marked for analysis (lower image), since they are more
elongated in shape than are the quartz grains.

Twelve years after our initial NCPTT grant,
image analysis is now a routine part of thin-section
petrography in our laboratory. To show how we
incorporate this approach into an overall research
program with ceramic thin sections, I will briefly

highlight two recent examples.

During the Song dynasty (960-1276 CE)
unique black-glazed tea bowls were made at the
Jianyang kilns in Fujian Province, China. They were
renown throughout China and were also imported
into Korea and Japan. Using an iron-rich stoneware
body, they had a thick, lustrous glaze, sometimes
streaked in black and reddish-brown patterns or
silvery colors in what was known as rabbit’s hair
patterns, or hare’s fur glazes (Figure 2, left), or
oil droplets, for oil spot glazes (Figure 2, right).
Thin-section petrography was done to examine
the variability between objects made with the two
different glazes (Vandiver and Reedy, 2014).
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Figure 2. The Jianyang Kkilns of Fujian Province, China,
were renown during the Song Dynasty (960-1276 CE) for
unique iron-rich glazes including ones that were described
as forming rabbit hair patterns (the ‘hare’s fur” glazes,
left); and ones described as forming rabbit hair patterns
(the ‘hare’s fur” glazes, left); and ones described as looking
like oil droplets (the “oil spot” glazes, right).

For quantitative analysis of the silt and sand
component, and of pores, both of which are done
by image analysis, we started with standard thin
sections of 30 microns thickness that were mounted
with a blue-dyed epoxy so that pores would be
readily visible. For image analysis, we usually use
scans of entire thin sections, scanned with a high-
resolution film scanner that results in a resolution
of 5 microns/pixel. This means that analysis of sand
particles or pores can be done on the entire thin
section, which often contains as many as 15,000
silt and sand grains, and as many as 5,000 pores.
Otherwise, even at low magnifications, an image
captured under the microscope contains only a very
small subset of these. For any analysis of size or
shape characteristics, all grains or pores that touch
the edges of the image have to be excluded, because
they are partially cut off, so their measurements
cannot be accurate. Using the entire scanned thin
section provides much greater statistical validity
to results; otherwise, many separate fields of view
would have to be captured under the microscope and

their results combined.

It is possible with our software to use a tool
that allows one to move the thin section across the
microscope stage and automatically tile all fields of
view into one image. This is useful if the level of
detail in a scanned thin section is not at good enough
resolution for a particular analysis. However, it is
also time-consuming and results in very large image
files. For typical projects, the high-resolution film
scanner produces a good enough image with which

to work.

We then outline and define separate Regions
of Interest for analysis, one for the ceramic body
and one for the glaze layers (Figure 3). This permits

separate image analysis operations to be conducted

on the body and on the glaze.

Figure 3. An original scanned image of a Jianyang
blackware thin section (mounted in a blue-dyed epoxy)

is shown in the upper image. The center image shows the
Region of Interest defined for image analysis of the ceramic
body, and the lower image the Region of Interest defined
for the glaze.

Some of the variables we measured for the
ceramic body (Figure 4) are thickness, including
mean, minimum, maximum, and standard deviation.
Porosity variables measured included Total Optical
Porosity (the overall percentage of the ceramic

body occupied by visible pores) and the mean,
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maximum, and standard deviation for individual pore
length, area, perimeter, aspect ratio, roundness, and
circularity. The area percentage and these same size

and shape characteristics were also measured for the

sand component.

Figure 4. The upper image shows the ceramic body marked
for thickness measurements. In the lower image, pores
within the ceramic body Region of Interest are highlighted
(segmented); data can now be collected on their abundance
and their size and shape characteristics.

Image analysis of the scanned thin sections
was also used to measure mean, minimum,
maximum, and standard deviation of glaze layer
thicknesses (Figure 5a) and to measure the maximum
bubble size and percent area of the glaze layer
comprising bubbles (Figure 5b). Bubbles are often
found in Chinese glazes and can affect the optical

properties of the glaze.

Figure Sa. Thickness measurements of the glaze layer
provide data on the minimum, maximum, and mean
thickness, and the standard deviation.

novation

Figure 5b. The Region of Interest marked out for the glaze
layer is used to compute the area of the glaze occupied by
bubbles, and the maximum bubble size. Bubbles are an
important optical component of many Chinese glazes.

The mineralogy of bodies and glazes were
then studied qualitatively using traditional thin-
section petrography methods under a transmitted
light microscope, using the same thin sections that
had been scanned. In many cases the glaze has
intermittent clumped areas of hematite-rich clay with
long, well-developed needles of anorthite that grow
from the clay surface. We found that it was helpful
to incorporate studies of ultra-thin sections of 15
microns thickness, to better view the smaller crystals
that are often seen with high-fired wares. As an
example, Figure 6 shows that there is a thin layer of
black iron oxide at the glaze surface, red iron-oxide
below, and precipitated anorthite needles extending
up from the clay boundary, capped with iron-oxide
precipitates that indicate the order of crystallization.
This formation has been given the aptly descriptive
term “waterweeds” (Chen et al. 1986). In another
example (Figure 7) there are large radiating clusters
of ropy and lath-like anorthite. Precipitated iron
oxide feathers out from the edges and fills in the

interior spaces of these anorthite structures.
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Figure 6. A thin section of a Jianyang blackware sherd
shows a thin layer of black iron oxide at the glaze surface
with red iron-oxide below. Long anorthite needles extend
up from the clay boundary and are capped with iron oxide
precipitates; these features are termed “waterweeds.”

Figure 7. Some Jianyang blackwares have large radiating
clusters of ropy and lath-like anorthite within the glaze.
Precipitated iron oxide feathers out from the edges and fills
the interior spaces of these anorthite structures.\

For documentation of minerals viewed (as
with Figures 6 and 7), we always make use of the
live extended-depth-of-field feature of the software
we use. This creates a very in-focus image even if
the thin section is not perfectly ground to the same
exact thickness throughout or if there are some
phases that are thinner than the section. To use this
tool, as you view the image, you turn the microscope

in and out of the full range of focus; the software

then automatically produces one very in-focus
digital image. This is accomplished using a contrast
detection algorithm to analyze the series of images
to either extract the one that represents the best-
focused image or to create a composite image that
takes the best-focused data from the images of the

series and combines them into one image.

Statistical analysis included presence-
absence for all qualitative data, as well as the
quantitative data from image analysis. Some
variables indicated a potentially significant
difference between groups, pointing to variables that
may be worth more in-depth study. But variables
showing no significant difference between groups
were just as interesting. For example, percentages
of silt and sand, and size and shape characteristics
of sand grains, are the same for the bodies of both
glaze types (hare’s fur and oil spot), as are minerals
related to original raw materials. This tells us that
very similar ceramic bodies were used, no matter

which final product results.

The main differences found relate to firing
and cooling regimes. For example, the rosette
structures shown in Figure 8 appear in most of
the oil spot bodies, but are never found in the
hare’s fur ones. Forming around a melting quartz
particle, the petals and outlines of the rosettes are
black magnetite. In between and around the petals,

secondary cristobalite has formed.
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Figure 8. Rosette structures found in the ceramic bodies

of Jianyang “oil spot” glazes but absent in the bodies with
“hare’s fur” glazes are related to firing and cooling regimes.
The center is a partially melted quartz particle; the petals
and outlines are black magnetite. In between and around
the petals, secondary cristobalite has formed.

Most recently, we have been studying
ceramics tempered with about 50 percent coal
cinders made in
Sichuan Province, China (Reedy et al., 2015). A
round, in-ground coal-fired kiln with a shallow pit
and
removable ceramic dome cover is used. Pots are
pulled out when orange hot and placed with organic
material into a deeper covered pit adjacent to the
kiln. The organic material burns rapidly and forms
a natural ash “glaze” on the exposed surfaces of the
pots. The result is a hard black ceramic material with
a shiny, silvery, and
sometimes bubbly surface. These porous ceramics
resist thermal shock and brittle fracture, making
them ideal for their most typical use as soup and

stew pots, and hot pots.

As one example of image analysis work on
these ceramics, here I highlight the results of image

analysis of Total Optical Porosity using the scanned

cheological Innovation

thin sections. Porosity ranges from 11-12 percent

for fully fired and glazed soup pots (Figure 9a).
Dried but unfired soup pots show only 3 percent
porosity (Figure 9b). Most of those pores are small
and rounded, appearing to result from chunks of coal
cinder popping out during drying. This indicates how
firing increases the number, length, and width of
elongated pores that reflect pressure applied during
fabrication. The rounded pores also enlarge and
increase in number during firing. Additional pores
develop near the surface within the glassy ash-fluxed
glaze layer. For sherds that were fired in the kiln, but
did not go into the glaze pit, porosity of the ceramic
body is essentially the same as that of the fully fired
sherd. The main result of overfiring (Figure 9c¢) is
greatly increased porosity (26 percent Total Optical
Porosity), including the appearance of many large
bloated pores (some more than 4 mm in length).
Some of the increase is due to

melting out of mineral phases. Image analysis allows
us to quantify these changes and look at the effects
of typical firing in the kiln and within the glaze pit.

Figure 9a. The scanned thin section of a coal-clay ceramic
soup pot from Sichuan Province, China, shows 12 percent
Total Optical Porosity, and one-third of the thin ash-fluxed
glaze layer at the top is comprised of pores.
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Figure 9b. A dried but unfired coal-clay soup pot shows
only 3 percent Total Optical Porosity. Many of those pores
are small and rounded, resulting from chunks of coal
cinder popping out during drying.

Figure 9c. An overfired coal-clay sherd shows greatly
increased porosity (26 percent Total Optical Porosity) with
many large bloated pores, some more than 4 mm in length.

To summarize our approach of incorporating
image analysis into thin-section petrography of
ceramics, it should be emphasized that we do not
eliminate qualitative study of minerals under the
microscope. Instead, we add to that traditional
approach in a number of ways. The new procedures
include: (1) use of a dyed epoxy to highlight pores;
(2) use of a high-resolution scan of the thin section;
(3) use of live tiling to produce thin sections made
of many fields of view where necessary; (4) use
of live extended-depth-of-field to produce in-
focus photomicrographs for documentation; (5)
outlining a Region of Interest of the ceramic body
for segmenting pores and non-plastic particles to

collect a full range of data; (6) for glazed ceramics,

outlining a Region of Interest for glaze analysis as
well; and (7) including both the quantitative image
analysis data and qualitative microscopy data for

statistical analyses to address the research questions.
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Development and Applications of
a Minimally Destructive Method
of Sourcing Shell via LA-ICP-MS

Evan Peacock
Mississippi State University
Department of Anthropology & Middle Eastern Cultures

Introduction

Sourcing ceramics via chemical analysis of clays
has become a major research area in archaeology
over the last few decades. Some perennial problems
attend this method and the various techniques
commonly employed. Bulk analysis (e.g., via

INAA or XRF) can return confusing data due to

the incidental inclusion of slips, temper particles,

or different clays mixed in ceramic paste recipes,

or due to post-depositional elemental alteration

of sherd surfaces relative to cores (Schwedt et al.
2004), etc. Techniques employed to ameliorate those
problems can bring their own complications (see
Larson et al. 2005). The diluting effects of shell
temper have been accounted for by mathematical
corrections or by chemical removal of temper prior
to analysis of clays (Morrow et al. 2003; Steponaitis
et al. 1996). Ironically, such steps might be throwing
away a sourcing agent of great power.

Some years ago, Peacock et al. (2007)
published the results of a pilot study in which
ceramic artifacts tempered with freshwater mussel
(Unionidae) shell were analyzed for chemical
composition of the temper using Laser Ablation-
Inductively Coupled Plasma-Mass Spectrometry
(LA-ICP-MS). This research, which was conducted
at the University of California at Long Beach and
supported by an NSF grant obtained by Hector Neff
to promote the use of LA-ICP-MS in archaeology,
was based upon knowledge of mussel behavior
and shell growth. Put simply, mussels incorporate
trace elements into their calcium carbonate shells in
approximate equilibrium with chemical loads in the
waterways they inhabit. This characteristic has been
widely employed in pollution monitoring studies
(e.g., Brown et al. 2005; Das and Jana 2003; Imlay
1982; Markich et al. 2002; Ravera et al. 2003), but
until the pilot study of Peacock et al. (2007), it had
not been used in sourcing freshwater mussel shell-

tempered pottery or artifacts, despite the fact that
chemical sourcing of marine shell artifacts from
North America had been undertaken by that time
(e.g., Claassen and Sigmann 1993).

Peacock et al. (2007) analyzed several
sherds and a ceramic figurine fragment from the
Lyon’s Bluff site (220K520), a Mississippian- to
Protohistoric period village in the Black Prairie
physiographic province of eastern Mississippi
(Peacock and Hogue 2005). Plainwares grouped
together chemically, as expected if they were locally
produced (see also Morrow et al. 2003, 2-5) using
shells from the creek upon which the site is located.
Some decorated types fell into distinct chemical
groups, while others fell in with the plainwares,
suggesting that different source areas were
represented (figure 1). Based partly upon the results
of this research, a successful major equipment
proposal to the National Science Foundation allowed
for the acquisition of an LA-ICP-MS system at
Mississippi State University (MSU) (Palmer et al.
2004).
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Figure 1. Result of LA-ICP-MS analysis of shell-

tempered ceramics from the Lyon’s Bluff site,
220K520 (Peacock et al. 2007, Figure 8).
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While the results of this initial project
were encouraging, two basic assumptions needed
testing before the technique would be ready for
widescale adoption. The first was that mussels
had been obtained from near the sites where
shell accumulated in the past; and 2) chemical
differences related to source area would be larger
than chemical differences related to other factors:
i.e., the provenience postulate would be met. It was
recognized that, to be useful for sourcing work,
baseline data on shell chemistry must be obtained
from archaeological shell specimens, as modern
specimens reflect current, post-industrial chemical
loads. Some preliminary work had been done by
Peacock et al. (2007) using mass digestion and ICP-
MS analysis of a small number of archaeological
shells from a few different drainages, but more work
clearly was needed along these lines. Specifically,
work needed to be done using LA-ICP-MS to make
the results more directly comparable to what would
be obtained from future analyses of shell temper or
shell artifacts using this essentially non-destructive
approach.

With these needs in mind I submitted a
proposal to the National Center for Preservation
Technology and Training entitled “Establishing an
Elemental Baseline for Sourcing Shell and Shell-
Tempered Artifacts in the Eastern Woodlands
of North America” (Peacock 2006). Aiding the
development of non- or minimally-destructive
analytical techniques is a clear part of the NCPTT
mission, making the Center a logical choice for a
funding request. Under the terms of the proposal,
mussel shells from archaeological sites in different
states and drainages would be obtained and as many
as possible under the proposed budget would be
chemically analyzed via LA-ICP-MS. Partnering
in the research was Dr. Ronald A. Palmer, at that
time a chemist with the Institute for Clean Energy
Technology at MSU. The grant was awarded in
November 2007 and work was conducted over a
10-month period. In this paper, I briefly recap the
results of that work and trace the interconnecting
studies that have since arisen as archaeologists have
begun to adopt this approach to sourcing of shell-
tempered ceramics and other artifacts.

cheological Innovation

Results of NCPTT-Funded Work

Upon notification that the NCPTT grant had

been awarded, two graduate research assistants

were employed and a call was put out to the
archaeological community seeking donations of shell
samples from different areas. Notices were run in the
International Council for Archaeozoology Newsletter
(Vol. 8, No. 2), the Southeastern Archaeological
Conference Newsletter, and other outlets. News of
the grant filtered through various media, from local
newspapers (e.g., the Columbus Dispatch —http://
www.cdispatch.com/ articles/2007/10/31/local_news
/area_news/; the Tupelo Daily Journal - http://
djournal.com/news/shards-of-history/) to a variety of
websites (e.g., the Stone Pages Archaeo News [http://
www.stonepages.com/news/archives/002596.html])
and helped bring public attention to the project and
the NCPTT’s role in supporting preservation-related
research. A second call for samples was made in
conjunction with a grant from the U.S. Army Corps
of Engineers, to build upon those obtained via

the NCPTT project in anticipation of conducting
isotopic analysis related to paleoclimates in the
Lower Mississippi Valley (Peacock 2011). The
response from the archaeological community to

the request for shell specimens was gratifying: far
more samples were obtained than could be analyzed
with the resources available, and those samples
remain at Mississippi State University, where they
are available for other researchers. For example,
samples were sent to Lauren Zych, doctoral student
at the University of Chicago, for her on-going
dissertation research on exploring cultural contact
and hybridization through LA-ICP-MS analysis of
shell-tempered ceramics from colonial Louisiana
(Zych 2013).

As with any new application, various
methodological problems arose as analysis got
under way, many relating to the vagaries of LA-
ICP-MS. Beyond decisions related to analytical
parameters such as choice of standards, calibration,
laser frequency, beam width, run time, pulse rate,
argon carrier gas flow rate, choice of isotopes,
etc. (e.g., Bellotto and Miekeley 2000; Fuge et al.
1993), a number of factors can influence the result
of any particular analysis. These include things such
as surface smoothness of samples, instrumental
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drift, regularity of calibration, etc. In addition,
accommodations had to be made for the fact that
shell growth varies seasonally, which can affect
relative chemical loads. Eventually a useful protocol
for shell analysis was worked out, and details are
supplied in a number of publications (e.g., Peacock
et al. 2007; Peacock et al. 2010). The NCPTT-
generated data are noisier than one would wish, as
such protocols were being worked out on the fly. For
example, the first data obtained, from shell from a
site on the Sunflower River in western Mississippi,
comprise a fairly distinct chemical group, but with

a great deal of spread in the data (Figure 2). Much
of this spread likely is due to the fact that at that
point we were not letting the equipment come into
thermal equilibrium before taking data. Learning
such lessons was a major benefit of NCPTT funding
and allowed for improved protocols to be employed
in later studies (e.g., Peacock et al. 2014).

Tombigbee °
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Figure 2. Biplot of shell chemistry from
archaeological specimens obtained from different
drainages using LA-ICP-MS (Peacock et al. 2012,
Figure 2).

As noted by Peacock (2009, 3-4), chemical
data were obtained from over a hundred specimens
from six sites in three major drainages, including
a Middle Archaic shell midden on the Ohio River
in Kentucky, a Mississippian site on the Sunflower
River in Sunflower County, Mississippi, and four
sites in the Tombigbee River drainage of east
Mississippi. The Tombigbee assemblages are
particularly interesting in that they allow a detailed
look into the power of freshwater mussel shell as
a sourcing agent. Two of the sites, 22L0O527 and

2210530, are very near to one another on the main
stem of the central Tombigbee River and thus should
be chemically very similar. The other two sites are
on lower-order tributary streams. If analysis showed
shells from these individual feeder streams to be
chemically distinguishable, it would suggest that the
method is potentially even more discriminating than
clay sourcing.

Despite the “noisiness” of the data, the
results were encouraging. Shells from particular
drainages consistently grouped together chemically
(Figure 2); i.e., the provenience postulate is being
met. This also strongly suggests that shells were
obtained from waterways near to the sites and
therefore provide a local chemical signature for
sourcing studies (see also Peacock et al. 2012). The
apparent strength of the method in discriminating
sources areas, revealed as protocols improved, is
remarkable. For example, shells from sites in the
Tombigbee River drainage could readily be sorted
into chemical groups via correspondence analysis
(Figure 3), with clear discrimination between
individual tributary streams and the main river in an
area encompassed by a 18-km radius circle (Peacock
et al. 2010). This level of spatial resolution rarely
is achievable with clay chemistry. In short, the
NCPTT-funded work supported the contention that
shell chemistry can provide a major line of evidence
for sourcing shell-tempered pottery or mussel shell
artifacts.
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Figure 3. Ordination of chemical data (over 40
elements) obtained from archaeological shells
from the Tombigbee River drainage in eastern
Mississippi. Sites represented occur within an 18
km-radius circle (Peacock et al. 2012, Figure 3).
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Subsequent Work

If the pilot study reported by Peacock et al. (2007)
was the seed, NCPTT funding provided the water,
and a number of studies sprouting from these initial
efforts will be briefly described here.

Research needs arising from the use of shell
in sourcing studies include understanding differences
in chemical uptake by species, the chemical effects
of burning on shell temper, and the effects of
diagenesis on shells in general. Very little work had
been done on diagenesis of freshwater mussel shell
prior to our sourcing work, but the results were
encouraging. For example, Cogswell et al. (1998)
found little change in chemical composition of shell
as a result of burning (although physical changes in
microstructure take place — Maritan et al. 2007); they
also found no significant variation between different
genera from the same river. In a later study, Peacock
and Seltzer (2008) found some difference in calcium
and strontium levels in shells of Pleurobema decisum
from two strata at the Vaughn Mound site (22LO538)
that were widely separated in time. Whether this
difference represents the effects of diagenesis or
changes in water chemistry over time is currently
under investigation (Peacock and Kirkland 2015).

A more recent study by Collins (2012) used several
methods (e.g., cathodoluminescence, XRD, SEM) to
examine shells from deposits of different ages at the
Lyon’s Bluff site. No evidence of diagenesis (e.g.,
dissolution of aragonite and reprecipiation as calcite)
was noted in this case (Collins 2012).

In 2009, I was contacted by William
Parkinson of the Field Museum of Natural History
concerning what is referred to as “incrustated”
pottery. Such pottery is common at Early Copper Age
and later sites on the Great Hungarian Plain, where
clay sourcing is difficult due to homogenization
of clay beds over large areas. As Parkinson et al.
(2010, 66) put it, “The entire eastern half of the
Carpathian Basin is filled with fluvially redeposited
loess that confounds both petrographic and elemental
analyses of ceramic assemblages, making it difficult
to differentiate clay sources and patterns of ceramic
production and distribution that can be used to model

cheological Innovation

ancient social interaction.” Incrustated pottery has
incised lines and/or punctations into which mastic
was placed, on top of which a fine, white powder
was adhered. Suspecting that the white material was
shell, Parkinson requested analysis via LA-ICP-MS
of several sherds as a preliminary sourcing study.
This analysis, conducted using NCPTT-derived
protocols, quickly showed that the materials was not
shell but burned and finely crushed bone (Parkinson
et al. 2010), a kind of technology known from later
sites in the area. This result allowed arguments to

be made regarding continuity in ceramic decoration
techniques from the Copper Age through the Bronze
Age, contradicting earlier scenarios in which local
cultures were displaced or subjugated by the so-
called Kurgan Invasion (see Parkinson et al. 2010 for
details).

One application of chemical analysis is
testing whether shellfish were imported to sites for
consumption, or whether shell was imported for
use as hoes or other artifacts (e.g., Theler 1991).
The results of such tests have import for both
archaeological questions and resource management
considerations. An example of the former comes
from Peacock et al. (2010), who tested whether an
artifact from the Lyon’s Bluff site was an import
from the Tombigbee River, minimally some 25 km
straight-line distance from the site. The artifact,
described in field notes from the 1960s as a “shell
spoon,” was the only known example of Lampsilis
straminea claibornensis, a large-river phenotype,
to be found at the site, where the small-stream
phenotype, Lampsilis straminea straminea, was
common in midden deposits. This fact, along with
placement in a grave and clear modification (edge
grinding) of the shell, suggested that it had been
imported to Lyon’s Bluff. Chemical testing and
comparison with data derived from the NCPTT
project indicate that the shell was obtained from
Line Creek (figure 4), the waterway adjacent to the
site, thus falsifying the hypothesis that it had been
imported.
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Figure 4. Comparison of chemical data from a
shell “spoon” and unmodified freshwater mussel
shells from Lyon’s Bluff (220K520) and sites on
the main Tombigbee River (Peacock et al. 2010,
Figure 4).

In recent years, “applied zooarchaeology”
(Lyman and Cannon 2004; Wolverton and
Lyman 2001), or the use of zooarchaeological
data to provide ecological baselines for modern
conservation efforts, has gained a lot of ground.
Included in this work are publications on
freshwater mussels, which represent one of the
most endangered groups of organisms on the planet
(e.g., Bogan 2006). One question that proponents
of this work face from biologists is how it can be
demonstrated that zooarchaeological assemblages
represent local faunas rather than imports. As
shown with the shell spoon (Peacock et al. 2010),
chemical testing is of obvious utility in this regard,
and NCPTT-generated data were used in an article
to show how such data can be employed as one
line of evidence in dealing with questions about the
“cultural filter” (Peacock et al. 2012).
Further work sourcing mussel-shell tempered
pottery has been done in the ancestral Caddo region
of Texas, Oklahoma, Arkansas and Louisiana by
Selden et al. (2014). While they used INAA for
their work, they specifically cite Peacock et al.
(2007) to argue for focusing on elements known to
be common in shell rather than trying to remove
them from analysis; i.e., to let the shell chemistry do

the sourcing work. Their study provided far better
discrimination of ceramic chemical groups than
had been possible with earlier attempts (Selden et
al. 2014), bolstering the use of shell as an arguably
superior source of data for provenance studies.

Boulanger and Glascock (2015) analyzed
111 valves of freshwater mussel shell, representing
several genera, from six sites in the Midwest, the
Middle Atlantic, and New England using INAA in
order to better understand the chemical contribution
of shell temper to ceramic sourcing, finding
chemical variation across space and noting that

despite our narrow focus on the
effects of freshwater-mussel-shell
chemistry on bulk pottery analyses,
we reiterate that these data have
broader implications beyond viewing
shell as a confounding aspect in
archaeometric studies. Chemical
analyses of shell temper itself may
inform directly on selection and
procurement of shell by prehistoric
potters in the same way in which
chemical analyses of ash and
sediment may provide greater
understanding of ceramic production
(Arnold et al., 2000; Hirshman and
Ferguson, 2012)... the observation
of varying chemical composition
among shells [also] strengthens the
empirical warrant for attempts to
establish provenance of shell artifacts
themselves. (Peacock et al., 2010)

Conclusions

It is fair to say that the tree watered by NCPTT has
just begun to sprout (Figure 5). As more work is
done showing chemical differences between shells
from different drainages, more researchers will
become interested in using shell as a sourcing agent,
especially if the extraordinary spatial resolution
shown by the Tombigbee River drainage data should
turn out to be characteristic of what is possible. As

a consequence, still further studies into local-scale
diagenetic effects will be undertaken. Unlike clay
sourcing, where control sampling of the vast North
American landscape is in its infancy, freshwater
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mussel shell suitable for the generation of chemical
background data already exists in huge quantities
from drainages of various sizes as a result of
previous excavations. This data source grows with
work at every shell-bearing site. Collections like the
one currently housed at Mississippi State University
will allow researchers to make rapid progress in

this research area. LA-ICP-MS is a useful method
because it is minimally destructive and therefore may
be used on rare or culturally sensitive artifacts. But
whatever methods are used, the investment by the
NCPTT in this area will continue to pay dividends
for generations to come.
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Figure 5. Studies related to chemical sourcing of
freshwater mussel shell artifacts, mussel shell-
tempered pottery, or mussel-shell diagenesis, and
other applications of data or protocols related to
NCPTT-funded work on freshwater mussel shell
chemistry.

Conclusions

First and foremost, I would like to thank David
Morgan for his efforts to get my project funded when
he worked for the NCPTT. A sincere thanks also to
the many archaeologists who contributed shell for
the chemical sourcing work. Finally, many thanks to
Tad Britt for putting this symposium together. It is

an excellent way to recognize the many significant
contributions the NCPTT has made, and continues to
make, to the discipline of archaeology.
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The development of radiocarbon dating in the mid-
twentieth century has revolutionized archaeological
chronology (Libby 1955; Wood 2015). The
combination of relatively simple theory and the
ability to estimate relative isotope abundances
resulted in the generation of age estimates for
samples of organic carbon from archaeological
contexts. In the ensuing decades, the power of
radiocarbon dating has increased dramatically.
Archaeologists are now much more sophisticated

in understanding underlying principles, leveraging
that knowledge into a far more reliable selection of
samples and interpretation of results. The calibration
of atmospheric variation in cosmogenic radiocarbon
levels has resulted in much improved calendric date
range interpretations, and isotope measurement with
accelerator mass spectrometry (AMS) has reduced
the size of samples, allowing dating based on annual
plant parts.

Even with all of these advancements, a basic
limitation has persisted: the perception of radiocarbon
dating as a destructive technique. Pretreatments and
the transformation of organic compounds into forms
of carbon that can be either counted or measured
require the destruction of either 10ths of grams or at
best milligrams of sample material. Acid-base-acid
pretreatment effectively digests sample material
during the removal of potential carbonate, oxalate,
and humic acid contamination, while graphitization
is a common transformative step in preparation of
samples for isotope measurement (Aitken 1990;
Taylor 1987). Under the conventional approaches
available today, the decision to date an object is
a decision to sacrifice a tangible part of it to a
destructive process.

Plasma Extraction

In the late 1980s, Marvin Rowe was challenged

by colleagues in rock art studies with the problem
and potential of dating small amounts of ancient
pictograph pigments. The thin-layer applications of
organic pigments (charcoal) and the potential use of

organic binders in mineral paint layers were outside
the realm of the normal approaches to radiocarbon
sampling. Amounts of organic carbon in the pigments
were extremely small, contamination from carbonates
was a risk in many samples, and the amounts of
datable carbon that would survive pretreatment were
problematic for dating.

In 1989 Rowe was inspired to explore how
low-pressure, low-temperature, oxygen plasmas
could be used to extract organic carbon from
pictograph samples for dating. Jon Russ, Marian
Hyman, and Rowe (Figure 1) assembled the first
plasma sampling apparatus at the Chemistry
Department at Texas A&M University (TAMU),
and the first dating sample was produced in 1990
(Russ et al. 1990, 1991). The experimental nature of
the venture was emphasized as the radio frequency
(RF) generator caught fire and self-destructed at the
end of the first sampling run, but the potential of the
technique was also confirmed. Over the next several
years, three more generations of plasma systems
were built (Russ et al. 1993; Chaffee et al. 1993a, b;
Ilger et al. 1994b), and additional rock art dates were
produced (Hyman and Rowe 1992; Russ et al. 1992a,
b; Chaftfee et al. 1994a, b, c; Ilger et al. 1994a, b,
1995, 1996).
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Figure 1. Marian Hyman, Marvin Rowe, and Jon Russ at
the Chemistry Department, Texas A&M University.

A significant advantage of the plasma
technique is that the inorganic rock substrate
(often including carbonates) does not decompose
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during exposure to low energy oxygen plasmas.
This eliminates the need to use extensive acid
pretreatments because the plasma temperatures
used (< 150°C) are below the decomposition
temperatures of both carbonates and oxalate minerals,
and only organic carbon is isolated for radiocarbon
measurement (Russ et al. 1992b; Chaffee et al.
1993a). Later research added the argument that
plasma oxidation is preferable to conventional

acid pretreatments because acid washes may not
completely remove oxalate minerals, which are
commonly associated with rock surfaces and which
would contaminate conventional radiocarbon dates
(Hedges et al.1998; Armitage et al. 2001).

In 1996, Rowe received a grant from the
National Center for Preservation Training and
Technology (NCPTT). That funding allowed Rowe
and his TAMU students to date further pictograph
samples and continue to refine the plasma technique
for radiocarbon sampling (Armitage et al. 1997,
1998, 2000b; Hyman and Rowe 1997a, b; David et
al. 1999a, 2001; Hyman et al. 1999; Pace et al. 2000;
Diaz-Granados et al. 2001; Steelman et al. 2001). By
this time the technique was established as arguably
the most reliable method for dating pictographs
drawn with inorganic pigments: red, yellow, brown,
purple and black. The organic matter being dated
was presumably due to the addition of binders or
vehicles when the paints were made and applied.
The NCPTT goal of training new generations of
scientists was achieved as TAMU graduate students
carried plasma sampling devices with them to their
subsequent teaching positions. Professor Karen
Steelman has continued this work in her laboratory at
the University of Central Arkansas, as has Professor
Ruth Ann Armitage at Eastern Michigan University.

Plasma oxidation has successfully dealt
with many issues of rock art dating although some
concerns still remain (Rowe 2007, 2009; Rowe and
Steelman 2003b; Steelman and Rowe 2012). Since
its inception, plasma-chemical carbon extraction
has been used to date rock paintings from all around
the world (Rowe 2001, 2004, 2005a). At least one
pictograph has been dated by the plasma oxidation
technique in Arizona (Armitage et al. 2000b;
Steelman et al. 2004a), California (Armitage et al.
1997, 2005), Colorado (Rowe 2004), Idaho (Steelman

et al. 2002b), Missouri (Diaz-Granados et al. 2001,
2015; Duncan et al 2015), Montana (Chaffee et al.
1994d; Scott et al. 2005), South Dakota (Armitage
and Tratebas, unpublished date), Texas (Bates et al.
2015; Boyd et al. 2014; Brock et al. 2006; Chaffee

et al. 1993a, b; Hyman and Rowe 1992, 1997 a, b;
Hyman et al. 1999; Ilger et al. 1994b, 1996; Jensen
et al 2004; Pace et al. 2000; Rowe 2003, 2005b;
Russ et al. 1990, 1993), Utah (Chaffee et al. 1993a,
b, 1994a, b, ¢) and Wisconsin (Steelman et al. 2001).
The following countries also have pictographs dated
by the plasma oxidation technique: Angola (Ilger et
al. 1995), Australia (Armitage et al. 1998, 2000a;
David et al. 1994, 1997, 1998a, b, 1999a, b, 2000,
2001); Belize (Rowe et al. 2001), Brazil (Rowe and
Steelman 2003a; Steelman and Rowe 2005; Steelman
et al. 2000, 2002a), France (Ilger et al. 1994a), Guam
(Hunter-Anderson et al. 2013), Guatemala (Armitage
et al. 2001; Miller et al. 2002; Robinson et al. 2007;
Rowe and Steelman 2004, 2007), Mexico (Ilger et al.
1995), Nicaragua (Baker and Armitage 2013), Russia
(Steelman et al. 2002c¢), and Spain (Steelman et al.
2005a).

Nondestructive Applications

Although Rowe and colleagues were aware of the
potential of the plasma sampling technique for non-
destructive dating of more than just rock art (Ilger

et al. 1996; Hyman and Rowe 1997a, b, 1998), that
aspect of the technique was not pursued in earnest
until 2002 (Rowe 2005¢; Steelman and Rowe 2002,
2004; Steelman et al 2005b; Terry et al 2006). They
examined the effect of multiple oxygen plasmas on
a shirt tag. The black ‘u” shown in Figure 2 faded
slightly, but only after many plasma runs (all at the
relatively high plasma temperature of circa 150°C).
Additional work ensued on the radiocarbon standard
TIRI wood sample of Belfast pine as shown in Figure
3. Minor changes can be seen on the thin, almost
transparent, right hand side of the sample after

the sample was subjected to enough plasma runs

to collect more than 20 radiocarbon dates. Dating
results for a series of plasma-derived TIRI Belfast
pine samples analyzed by Steelman (2004) for her
dissertation is presented in Figure 4. Steelman used
the early and late results in this series as impetus to
explore potential sources of younger and older carbon
contamination that could have been introduced as
part of the plasma extraction procedure, but the
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range of these results is perfectly consistent with
the range of both TIRI and FIRI interlaboratory
comparison results repqrted by Scott (2003).

before fter

Figure 2. Images of a printed “shirt tag” before sampling
and after exposure to many oxygen plasma sampling runs
(adapted from Steelman and Rowe 2002).

before

Figure 3. Images of a TIRI wood sample before and after
the collection of sufficient carbon for 20 radiocarbon dates
(adapted from Steelman and Rowe 2002).
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Figure 4. Oxygen plasma derived dates for the TIRI
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Belfast pine standard based on samples collected by Karen
Steelman for her dissertation research (2004). Radiocarbon
assays were by AMS measurement after graphite
conversion, and the FIRI consensus age for Belfast pine
(4,508 BP) is included for comparison.

A dating project was undertaken on an infant
burial recovered from the Lower Pecos River region
of Texas (Steelman et al. 2004b). The partially
mummified infant had been placed in a grass “nest,”
with textile wrappings and associated wooden
funerary objects. Samples were submitted for three
conventional radiocarbon dates, including acid-base-

acid pretreatments, and ten plasma CO, samples

were collected. CO, samples were collected from a
<1 inch square piece of bone and tissue, a blade of
grass, a piece of a mat, a piece of twine, and a sotol

stalk. An average of the plasma-derived CO, dates
was as 2137+13 years BP compared with the average
of 2128420 years BP for the conventional dates.
Agreement between dates based on the two sampling
approaches is excellent, while visual comparison of
the sotol stalk (as an example) before and after three
plasma treatments showed no visible change (Figure
5).

. b

efore

4 cm

after

Figure 5. Images of a sotol flower stalk before and after
radiocarbon sampling (adapted from Steelman et al. 2004b).

Plasma Extraction

Rowe and colleagues had focused their attention

on developing reliable methods of oxygen plasma-
extraction of carbon for dating until 2004. The low
temperature of the plasma had effectively eliminated
concerns about carbonate and oxalate contaminants,
however, potential humic acid contaminants
remained a concern. To achieve “nondestructive”
radiocarbon dating, humic contaminants must be
removed (or confirmed absent) without significantly
altering the artifact. Conventional practice is to
pretreat samples for carbonate and humic acid
contamination simultaneously by washing in strong
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acid, then in strong base (alkali), and finally again in
strong acid, often at elevated temperatures (usually
50°C). That approach to pretreatment works if the
sample is intended for destruction, but the treatment
is inconsistent with the potential non-destructive
advantages of plasma extraction. Three approaches
to humic acid removal have begun to be explored:
applications of plasma oxidation itself, pH 8 solution
washes, and super critical fluid (SCF) extraction.

Plasma oxidation has been explored
successfully as a destructive pretreatment technique
(Bird et al. 2010), but there is potential for
investigation as a non-destructive pretreatment
as well. Destructive pretreatment with oxygen
plasmas selectively removed contaminants from
crushed charcoal samples at RF power levels of 2
to 100 watts and temperatures up to 150°C. At these
elevated temperatures, preliminary acid washes are
necessary if carbonate contamination needs to be
removed. Organic compounds within the samples
are then oxidized differentially, and radiocarbon
dating tests of standards revealed that significant
proportions of contaminants could be successfully
removed. Although low for plasmas in general, the
energies and temperatures involved also reduce the
total sample volume significantly, ashing up to half
the initial sample weight in the process of lowering
contaminant concentrations to an acceptable level.
Since this oxygen plasma pretreatment is a surface
active technique, crushing the sample to maximize
particle surface area is necessary in advance of
carbon isotope measurement.

The lower temperature plasma conditions
used in non-destructive sample collection (described
completely below) are much gentler but also
appear to have the potential to selectively remove
sample components. We have yet to determine how
effectively different procedures can be manipulated
to remove contaminants, but we have unintentionally
been able to distill different fractions of TIRI Belfast
pine wood samples at different power and pressure
levels of plasma treatment. Experimentation in the
potential for differential oxidation of contaminants
at low plasma temperatures is an appropriate focus
for future research.

Phosphate buffer solutions are another

approach to pretreatment for humic acids that work
well with plasma radiocarbon sampling. Mary
Ellen Ellis (2008), one of Armitage’s students at
Eastern Michigan University, used a phosphate
buffer solution as a solvent wash for humic acid
contaminants. The pH 8.0 buffer solution can
remove humic acid contaminants at temperatures of
50°C or less, using repeated ultrasonicated washes
and rinses. This pretreatment does require that the
object or material be robust enough to soak in the
aqueous solution for hours or days at a time, but in
combination with the low energy of oxygen plasma
sampling, harsh acid-base-acid treatment is not
necessary.

In 2004 Rowe received a second grant
from NCPTT to support the investigation of SCF
extraction as a pretreatment technique. With the
NCPTT support, Rowe was able to take sabbatical
leave to work with Dr. Jerry King at Los Alamos
National Laboratory (LANL). LANL had an SCF
group who was willing to collaborate in Rowe’s
study and explore his idea for removing humic
acids by means of SCF dissolution. Unfortunately,
LANL access was abruptly closed due to unrelated
security breaches, and the proposed study was
delayed until the last two weeks of the sabbatical
period. The early results were very promising, and
King suggested following up this brief initial study.
Many factors again delayed the collaboration, and
King moved from LANL to become a Professor at
the University of Arkansas-Fayetteville. Studies
there were first published in 2012 (Lay et al. 2012)
followed by a summary by Rowe et al. (2013). SCF
has tremendous potential for non-destructive humic
acid removal, especially under conditions where the
target material could be damaged by exposure to in
aqueous solutions.

The New Mexico Plasma Laboratory
Rowe and the New Mexico coauthors of this paper
are currently building a low energy oxygen plasma
radiocarbon sampling laboratory at the Center for
New Mexico Archaeology (CNMA) in Santa Fe,
New Mexico. As a joint venture of the archaeology
and conservation divisions of the New Mexico
Department of Cultural Affairs, the goal is both to
continue research on plasma extraction as a non-



The National Center for Preservation Technologg and Trainin%: A Twenty-year
r n

Retrospective of Sponsored Research for

destructive radiocarbon sampling technique and to
provide sampling services to the archaeological and
museum communities.

The basic architecture of the apparatus is a
high vacuum system that is capable of achieving

and maintaining vacuums of 10 torr (Figure 6).
Glass sample chambers of various sizes are attached
to the vacuum systems and to manifolds for the
introduction of both high purity argon and oxygen
gasses for cleaning and sampling steps. Low energy
plasmas are generated at gas pressures of 1-3 torr
using an RF generator that can maintain plasmas

at power levels as low as 5 watts and chamber
temperatures of 35°C or less. After gas samples

are generated by plasma oxidation, water vapor is
separated with a dry ice-acetone trap, and the CO,
for radiocarbon dating is condensed within a 4 mm
outside diameter glass tube using a liquid nitrogen
bath. The glass tube is flame-sealed, retaining

the CO,, and the ampoule is separated from the
apparatus for shipment to the ETH Zurich AMS
laboratory under the direction of Lukas Wacker. ETH
Zurich is capable of the direct AMS dating of CO,
samples of 40-100 micrograms, bypassing the need
for graphite conversion.

Figure 6. Overview of the plasma sampling apparatus at the
Center for New Mexico Archaeology.

While the architecture and theory of sampling
are relatively straight forward, the steps in the
sampling process are complex and contingent on
the characteristics of the materials being sampled.
Pretreatment, if necessary, is carried out prior to
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initiating plasma sampling. After evacuating the
empty sampling chamber to a vacuum of at least

107 torr, research purity oxygen is introduced at a
low pressure (1-3 torr). An initial oxygen plasma
cleansing of the chamber is then carried out to
eliminate any extraneous contaminating carbon from
the previous run or from handling of the chamber
between runs. Oxygen plasmas are repeated until
less than 0.5 micrograms of carbon as carbon dioxide
is detected, and then the sample to be processed is
placed into the chamber. After the introduction of the
sample into the sampling chamber, contamination

from modern atmospheric CO, must be minimized,
both as ambient gas in the system (removed with

the high vacuum) and as CO, that may be adhering
to the surfaces of the sample or the chamber. After
evacuating the sample chamber, research purity
argon is introduced at low pressure (1-3 torr). The
sample is bathed in a low-energy argon plasma

(as low as 5 watts and 30°C). Argon is close to

CO, in molecular size, and the plasma scours the
sample and the surfaces of the apparatus, dislodging

adhered CO,. The sample can off-gas at this stage,

releasing water vapor, absorbed CO, and other
gases, and compounds that become volatile under
warm low vacuum conditions. Chamber pressure is
monitored after each argon plasma run and after the
application of liquid nitrogen and dry ice acetone
traps, characterizing the amount of evolved or
liberated gases. Gases are pumped out of the system,
or if there is any reason to retain these gases, those
with high enough boiling points can be captured
from either of the traps. The volume of gas evolved
during cleaning is monitored, and the argon plasma
cleaning step is repeated as often as necessary to
eliminate the possibility of any significant remaining
contamination potential. When less than 0.5
micrograms of carbon as carbon dioxide is captured,
the sample is now ready to be processed using

the plasma oxidation technique. Since the argon
cleaning stage is not chemically reactive, little if
any carbon is being removed from the material other

than as absorbed or adsorbed CO,. The exception
may be rare samples whose composition includes
hydrocarbon compounds that can be volatilized at
the low operating temperature and pressure of the
plasma.
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Following the argon cleaning stage, low
pressure (1-3 torr) research purity oxygen is
introduced. A low energy oxygen plasma is initiated
in the chamber (as low as 5 watts and 30°C), and
the plasma is maintained for as long as is necessary
to produce at least 40-100 micrograms of carbon

in the form of CO,. The time necessary varies

with the nature of the material being dated, both in
composition and in surface area that is exposed to
the plasma. Depending on the sample characteristics,
as little as 10 or 15 minutes may be all that is
needed to collect enough gas. Chamber size can

also affect the amount of carbon that is oxidized
irrespective of the amount of time that the plasma is
running. Water vapor and traces of other gases are

produced in addition to CO,. When sufficient CO,
has been created, the plasma is turned off, and the
accumulated gas is subjected first to a liquid nitrogen
trap to capture whatever gases have been created in

the chamber (primarily CO,). After 10-15 minutes
the liquid nitrogen bath is removed and a dry ice
acetone trap is initiated in order to separate water
vapor and other temperature specific contaminants

while releasing the accumulated CO, into the closed
system. After determining that sufficient gas has
been captured, the gas is subjected to another liquid

nitrogen trap to concentrate the CO, within a 4 mm
outside diameter glass tube. Pressures are monitored
to ensure that adequate carbon has been produced,
and then the tube is sealed into an ampoule and
separated from the apparatus. Multiple samples can
be collected as vouchers or for other analyses.

Research Vignettes

Multiple materials and samples have been subjected
to argon and oxygen plasmas during the design and
refinement of the CNMA apparatus and sampling
procedures. The overall goal has been to build a
device and develop protocols that can generate
reliable radiocarbon samples with little or no risk
of damage to the artifact or material being sampled.
This has meant considerable experimentation with
electrode design, RF power levels, gas pressures,
sampling temperatures, and plasma exposure times,
all with a variety of different target materials. The
vignettes below represent observations and potential

future research directions for the CNMA laboratory
and for plasma radiocarbon sampling in general.

Plasma Characteristics

Argon and oxygen plasmas have characteristic
colors (Figure 7). Those colors change subtly during
cleaning and sampling as the gas composition
within the sample chamber changes. Color change
may provide useful information on the types and
compositions of gas mixtures that are created. This
may be especially valuable in the oxidation stage of
sampling, improving the ability to determine when
oxidation has proceeded sufficiently to produce

the target volume of CO, for dating. More precise
determination of this threshold may lower the risk of
destructive consequences of sampling on different
types of artifacts or materials.

ey D L N el Al P
Figure 7. Simultaneous running of two argon plasmas with
ring RF electrodes (left) and bar electrodes (back right).

Feather Extraction

A modern turkey feather was subjected to sample
collection steps in an effort to explore the effects of
the plasma sampling protocol on delicate organic
materials. A ‘before-plasma’ picture was taken of
the feather (Figure 8) so that we could assess the
extent of physical change due to subsequent plasma
exposures. The feather was then inserted into a
plasma chamber and subjected to a 1 hour, 5 watt
argon plasma. There was no significant release of
carbon dioxide, and we began the first of a series
of oxygen plasma sampling runs, evacuating the
chamber and providing new oxygen at 3 torr for
each run. Sampling runs were conducted at 8 watts
of RF power for 1 hour; two runs at 10 watts for 1
hour; and a final run at 5 watts for 1 hour. In total,
the feather was subjected to 5 plasmas at 5-10 watts
of RF power for a total of 5 hours. The feather was
removed from the system, examined under 20X

for damage, and re-photographed (see Figure 8).
No damage was apparent, even to the fine downy
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feather components. During the plasma runs, the
temperature ranged from 33°C to a maximum of
41.5°C (91.4°F - 107°F).

The feather was again placed into the plasma
chamber. It was then subjected to a stronger oxygen
plasma of 20 watts RF power for an hour. The

maximum temperature on that run was 76°C (169°F).

Once again the feather was removed from the system
and re-photographed (see Figure 8). At the higher RF
power and higher temperature, the feather exhibited
visible structural change. The damage was not in

the form of erosion of downy components but in an
increasing fragility of the structure of the feather and
susceptibility to mechanical damage during insertion
and withdrawal from the chamber. Even though we
did not retain the carbon dioxide from the plasma
oxidations, four of the five runs produced more than
the 50 to 100 micrograms of carbon (even at 5 watts)
required for an accelerator mass spectrometer (AMS)
radiocarbon date.
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after final plasma at 76°C

Figure 8. Effects of repeated plasma oxidation sampling
on a modern turkey feather. No apparent effect was noted
after five sampling runs at RF power of from 5-10 watts
and oxygen plasma temperatures of between 33 and
41.5°C (91.4°F - 107°F). A marked fragility is apparent
after a single sampling run at 20 watts of RF power and a
temperature 76°C (169°F), although fine downy elements
appear unaffected.

Our conclusion is that at the lower RF
powers, and particularly at 5 watts, with an
associated temperature of only about 29°C (84°F)
for the argon plasma and 34°C (93°F) for the oxygen
plasma, the feather was virtually unchanged visually.

Distillation

A variety of RF power settings were used during

the collection of calibration radiocarbon samples
from a piece of TIRI wood (Belfast pine). Rowe’s
previous experiences in plasma extraction of TIRI
wood radiocarbon samples, extracted at much
higher power levels than we currently use, had been
unremarkable. However, one combination of settings
in the CNMA series resulted in the volatilization
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of a resinous component of the TIRI wood sample
(Figure 9). Resin bubbled to the surface of the
wood, and a volatile component evolved from the
wood and condensed on the interior surface of the
sample chamber. The date derived from CO, from
this run (ETH61251.1) was perfectly consistent
with dates on CO, developed from runs that did not
fractionate the sample. However, the phenomenon
suggests that manipulation of plasma energy and
sampling temperature may be used to collect CO,
from discrete compositional components of some
sample types. This is similar, in a low power sense,
to the use of oxygen plasmas as a pretreatment
ashing protocol to remove more easily oxidized
contaminants prior to collecting CO, from more
stable components of a sample (Bird et al. 2010).

Figure 9. TIRI Belfast pine wood with resinous exudate
on the wood surface and condensate on the interior of the
sampling chamber tube.

This aspect of the plasma extraction process may
also have potential for isolating samples of what
actually is contributing to the CO, being dated.
Gases produced from the material during the initial
argon cleaning step can be captured and analyzed by
other techniques to provide information on volatile
components that might be contributing to the later
oxidation step, such as binders in rock art pigments.

Masking

Composite materials pose challenges to radiocarbon
dating, both within and outside the context of non-
destructive approaches to sampling. A feature of
plasma oxidation is the expectation that only carbon-
containing compounds that are directly exposed

to energized oxygen species of the plasma will be
released from the object being sampled. Exposure to
non-energized oxygen molecules should not result
in oxidation, and those carbon components should
not be included in the radiocarbon sample. This
expectation raises the possibility of masking objects
to be sampled, allowing only a pre-selected portion
to be dated.

A potential application in the Southwestern
United States is the radiocarbon dating of the
organic paint constituents of potsherds. The organic
(carbon) paint is created by preparing and then
applying a plant extract to the surface of the unfired
vessel, either as a binder for a mineral pigment or
by itself within pottery traditions that create designs
solely in carbon. During firing, molecules of the
plant extract are carbonized within the surface
of the vessel, and they should be accessible for
plasma oxidation. However, some of the pottery
traditions use Cretaceous era carbonaceous clays for
vessel construction, and plasma exposure needs to
eliminate or minimize contributions of carbon from
this source. Two masking approaches will be tried
initially, one simply using aluminum foil and the
other using a painted-on suspension of inert material
(such as aluminum oxide powder). Oxygen species
penetrating beneath the foil should lose energy
and become non-reactive with carbon compounds
that have been protected by the mask. Similarly,
oxygen species that diffuse through the porous
powder coating should be non-reactive by the time
they reach the underlying surface. Both masks
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can be removed or reset to allow the collection of
radiocarbon samples from different areas of complex
artifacts.

If either of these masking approaches
is effective, masking will increase the potential
applications of non-destructive sampling. For
composite artifacts, such as darts, it is conceivable
that complementary radiocarbon samples could be
submitted from the foreshaft, from sinew attaching
the point to the foreshaft, and from any residue
adhering to the point.

Calibration of the New Mexico
Apparatus

In May of 2015, a series of calibration samples was
submitted to the AMS laboratory at ETH Zurich for
radiocarbon dating using a gas ion source for direct
insertion of carbon dioxide (Fahrni et al 2013; Ruff
et al 2007, Wacker et al 2013). These included CO,
from the TIRI/FIRI Belfast wood standard (including
a sample collected as part of the plasma run with the
distillation effect described above, ETH61251.1).
Results are presented in figure 10. The FIRI
consensus date is 4,508 BP for all measurement
methods, while the consensus date for ages estimated
by AMS measurement is 4,519 BP (Scott 2003:Table
7.1). The mean of the four New Mexico dates is
4,545 BP, in agreement with the FIRI interlaboratory
comparison results. The New Mexico results are also
consistent with dates produced from other plasma-
collected samples from other laboratories (see Figure
4), including the tendency for mean dates to be
slightly older than dates for samples collected and
processed by other techniques.
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+  Age (+/-2sigma) |,
values used in
final concensus.

34 +  Age(+-2sigma)

i3 values not used in

final concensus.

Index of ordered results

Age (BP)

Figure 10. AMS dating results for four New Mexico plasma
collections from the TIRI Belfast pine standard (lower panel).
The results are compared with the interlab comparison
results for the same standard from the FIRI study (adapted
from Scott 2003, Figure 7.3).

Risks of contamination in plasma oxidation
sampling are ever present due to potential failures
of vacuum seals and of argon or oxygen gas
contamination. Routine re-sampling of standards,
including yet-to-be-sampled dead carbon sources,
will be necessary to confirm the reliability of the
CNMA sampling technique and the accuracy of the
associated radiocarbon dates.

Conclusions

Plasma oxidation as a radiocarbon sampling
technique began as a novel but relatively narrowly
focused idea to deal with the challenges of dating
rock art. It has evolved into a technique that has
the potential to solve not just one but a series of
problems in archaeology, museum studies, and
conservation. Support from NCPTT was essential
in the nurturing and development of the original
technique, initiating a research trajectory that
continues to expand.
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Development of Magnetic

Susceptibility

Instrumentation

and Applications

. Rinita A. Dalan
Minnesota State University Moorhead

Abstract

A 1997 NCPTT grant to develop a prototype down-
hole magnetic susceptibility instrument arose out of
frustration with existing technology and a desire to
expand archeological field studies of magnetic
susceptibility. This instrument allowed high-
resolution vertical investigations of susceptibility
within a small diameter (ca. 2.5 cm) hole made

with a push-tube corer. An NSF grant supported
improvement of the prototype via robust laboratory
and field testing, resulting in a final engineered
product (the MS2H) in partnership with Bartington
Instruments, and also established an archaeological
soil magnetic laboratory to improve research and
training. A second NSF grant extended equipment
and software, allowing increased integration of field
and laboratory geophysical studies. Two additional
NCPTT grants addressed the last crucial step in the
advancement of down-hole susceptibility technology,
namely application within archaeological practice.
The first advanced the instrument’s use in the
detection of buried archaeological sites, and the
second focused on the identification of unmarked
graves. Due to its broad applicability, use of
magnetic susceptibility technology has steadily
grown. Integrating down-hole and laboratory
techniques with surface geophysical surveys has
produced a more mature magnetic susceptibility
method that is much more widely employed than it
was in 1997.

It all
started
with
this....

T3

The initial NCPTT grant application
stemmed from frustration with existing
technology for recording magnetic susceptibility in
archaeological field applications (in particular the
lack of instrumentation that allowed documentation
of how susceptibility varies with depth) and the
procedure that I was using to measure vertical
variation in soil magnetic susceptibility. At that time,
unless [ was lucky enough to have an exposure or an
open excavation, I was using an Oakfield push-tube
corer to sample subsurface soils, cutting up the cores
into segments and dropping those segments into a
labeled muffin tin, bagging the samples, transporting
them back to the lab, packing them in non-magnetic
containers, and then measuring susceptibility on a
Bartington MS2B lab sensor.
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Determining Original
Mound Form

Schematic of Hypothetical
Mound Erosion Processes

The reason that I was willing to invest in
such a laborious process was that I knew that an
understanding of how susceptibility changed with
depth had immense potential for archaeological
application. For example, I was working on a
project at the Cahokia Mounds State Historic Site
that involved using the relative thicknesses of
magnetically enhanced topsoils, together with an
understanding of hillslope processes, to determine
the original forms of mounds at the site. In this and
other projects, I was hampered by an inability to
collect this information quickly and efficiently.

Electronics Unit

IDown-Hole Handle

Sensor

1997 Magnetic Susceptibility Logger. Grant # MT-2210-8-NC-28

The NCPTT grant allowed me to rehouse

cheological Innovation

a Bartington Instruments MS2F sensor, designed
primarily for investigating flat surfaces and sections,
so that it could be lowered down a small diameter
(ca. 2.5 cm) core hole to measure, in the field,
susceptibility variation with depth. The sensor

was housed in in a magnetically clean, watertight,
electrically and mechanically secure mount and shaft
constructed of PVC stock and pipe. Three cycles

of instrument modification were completed before

a prototype suitable for calibration was achieved.
Readings were accomplished by connecting the
sensor to a Bartington MS2 susceptibility meter,
thus providing a compatible product for anyone who
had access to a Bartington meter. The sensor was
calibrated, to allow readings to be converted to SI
volume susceptibilities, using a specially-constructed
doughnut-shaped tank filled with material of a
known susceptibility. In addition, the calibration
tank was used to gather data on edge effects and
measurement volume. As a mother with young
children, a babysitter provided the needed time to
work on this project.

Pr ototype Magnetlc Susceptlblhty Logger

o ;‘ Early Archaic
w0 |  Rustad Site
{ Ca. 8,000 ya cultural layer

50 60 70 80 S0 10

40
Depthicm

Field trials were used to evaluate how the
instrument would function in an archaeological field
situation replete with distinct layering. Originally, a
field trial at the Cahokia Mounds State Historic Site
was planned but, due to a move to Minnesota State
University Moorhead (MSUM), field trials ended
up being completed at the Early Archaic Rustad site
(32R1775) in southeastern North Dakota. The site
had been excavated by Michael Michlovic, chair of
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my new department, and remnants existed around
the rim of a soil quarry. An Oakfield corer was used
to make a hole approximately 15 cm behind the face
of the pit. Once down-hole tests were completed, the
face was cleaned back to within 5 cm of the cored
hole. Down-hole results were compared to the
stratigraphic section and to susceptibilities measured
on samples taken from the cleaned face. The
prototype instrument clearly identified the buried
Early Archaic layer, more than 10 times faster than
sampling from an exposure or through coring and
measuring susceptibility in the laboratory, thus
greatly expanding field capabilities for investigating
variations in magnetic susceptibility across
archaeological terrains.

Bartington.

Instruments

MS2H 2002 NSF Grant

Down Hole Magnetic Susceptibility Probe

Field set-up showing probe and graduated push-tubes together with meter MS2 and computer

The next step in developing down-hole
magnetic susceptibility technology appropriate for
archaeological and other near-surface applications
was a 2002 NSF major research instrumentation
development grant to produce a commercially
available instrument. This involved a partnership
with Bartington Instruments who engineered and
produced the sensor. I was the unbiased tester
and applications consultant, providing feedback
from field and laboratory trials directed toward
evaluating the performance of second-generation
prototype instruments. The final engineered

product was the Bartington MS2H Down Hole
Magnetic Susceptibility Probe. This sensor was fully
integrated into the Bartington MS2 susceptibility
system.

Development of the Bartington MS2H

The route to a final engineered product was
not always straightforward. Bartington initially
floated some alternative designs, including this
springy tubular housing being demonstrated by
former MSUM student Amanda Butler. This
particular prototype, which I received just prior to a
scheduled demonstration at the 2002 Southeastern
Archaeology Conference meetings in Biloxi,
Mississippi, was certainly a challenge to present
with all seriousness.
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Eventually we settled on something more
like the prototype constructed as part of the NCPTT
grant, and various versions of this were produced
and tested. A number of improvements were sought
in the development of these second-generation
sensors, including a more temperature-stable sensor,
increased penetration depth, a segmented staff, and a

data-logging system.

- 2 T MR i e
Undergraduate students from MSUM and I
tested these prototypes against each other and the
original instrument developed under the NCPTT
grant. These tests were used to provide advice on
further improvements. Performance was evaluated
into terms of number of variables including
repeatability (noise), sensitivity, stability, and
resolution. In addition, the speed and ease of field
operation, as well as flexibility of application, were

considered.

cheological Innovation

Field Tests

Durler Site Core 2
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Field tests provided the real-world
experiences so necessary in final product design.
Shown here are fields tests assessing repeatability,
instrument drift, and accuracy compared to
laboratory measurements using collected samples.
Field tests were conducted at a number of sites in
the southern Lake Agassiz region of Minnesota
and North Dakota, providing varied conditions for
assessing how well the logger was able to resolve
stratigraphic sequences, soil horizons, and buried
soils. These sites spanned a variety of soil types and
ages.

Laboratory Tests

We also performed a host of controlled
experiments in the laboratory using mixtures of



materials representing the range of archaeological
possibilities. We looked at temperature drift
(magnitude and timing), noise, edge effects, sensor
sensitivity, layer resolution, etc. The data from the
laboratory tests was also fed back to Bartington
Instruments along with recommendations for
improvement.
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We even developed a prototype software
package (MultisusFieldPro, which I still use today!).
This software, developed for a Panasonic toughbook,
allowed us to see data real-time in the field. Not
part of the original NSF development grant, this
effort was funded by Bartington Instruments, who
supported an MSUM computer sciences student,
Kim Humble, in developing the software. This
database software can be used to control any of
the Bartington MS2 field sensors moving in either
the X,Y, or Z directions, records information on all
settings and other field notes, and exports files into
excel format.
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Once a commercial instrument was available,
a second NCPTT grant was obtained to establish the
instrument within archaeological practice, in this
case finding and mapping buried archaeological sites
by identifying magnetic changes that occur as part
of soil development and cultural occupation. Testing
initiated as part of the NSF development grant was
expanded utilizing a number of archaeological
and other sites within the Red River Valley region
of Minnesota and North Dakota. Locations with
paleosols, but no archaeological remains, served
as controls. Existing soil physical, chemical, and
chronologic data were supplemented with additional
soil cores and analyses for comparison with the

down-hole tests.

The Dahnke Site

is comprised of two Woodland period layers.
tion block near the location of down-hole tests
aks coincide with buried horizons

at Loc 3 and 3AB more prominent Loc 5)

(2AB more promin
Downhole is more effective than collection and lab measurement
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This figure shows data from one of the
archaeological sites, the Dahnke site, a stratified site
that contains at least two buried Woodland period
layers. The soil profile used for comparison derives
from nearby 1987 excavations and the graphs show
results of downhole tests at two locations adjacent
to this excavation unit. Susceptibility variations
documented by the down-hole tests compare well
with stratigraphic layers, and localized increases
in susceptibility coincide with the buried horizons.
Not only was the downhole more efficient than
collecting samples for susceptibility measurements
in the laboratory (with a measurement time of
approximately 1 second, a hole could be logged
in less than 1 minute), the small depth increments
measured with the logger (in this case 2 cm) were
more effective for identifying buried soils than
collected samples homogenized over greater depths.
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Another interesting find of the buried sites
research was an apparent contrast between paleosols
associated with human occupation and those
that were not. Although both clearly correlated
with relatively high susceptibilities, the magnetic
susceptibilities of the buried archaeological soils
were in some cases over twice the magnitude of
the buried non-cultural soils. A second NSF grant
allowed the purchase of additional soil magnetic
instruments that were used to understand the
enhanced magnetic susceptibility of these buried
soils. Although differences in the magnitude of

cheological Innovation

susceptibility enhancement suggested a possible
avenue for determining if ancient land surfaces had
been occupied by humans, efforts were directed
toward exploring whether there might also be a
distinctive signature for archaeological soils in
magnetic mineralogy and grain size.

An Anthropogenic Signature
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Work conducted as part of the NSF
grant indicated a similar soil-forming process
occurred in both the buried archaeological and
non-archaeological soils, producing a fine-
grained magnetite and maghemite responsible
for the enhanced susceptibility signal. The buried
archaeological paleosols, however, showed a
distinctive anthropogenic signature residing in the
coarse fraction of these soils, potentially useful
for separating buried soils from buried occupation
layers. This signature related to an increase not
only in superparamagnetic (SP) grains, but also a
distinctive increase in grains at and above the SD
(single-domain) grain size boundary. Nodules of soil,
perhaps formed as a result of domestic fires, were
visually and magnetically identified as the source of
the distinctive remanence signal.
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3D Volumes

GPR Slice, TerraSurveyor 3D

Because the MS2H was so fast and because it
was so effective in providing information on buried
soils and subsurface stratigraphy, we started using
it to study entire landforms. We would complete a
grid of down-hole tests to see how buried surfaces
draped themselves across the landscape. To do this
we moved into building 3D volumes of susceptibility
with colleagues Dean Goodman (using GPR Slice)
and David Wilbourn (using Terrasurveyor 3D).
Constructing isosurfaces using these 3D volumes
even allowed us to look for “hot spots” of occupation
on these ancient surfaces.

Unmarked Graves Project

€ 2005 NCPTT Grant
Co-PIs Steven DeVore
& R. Berle Clay

Terrill Cemetery, KY
KY Archaeological
Cemetery, KS Survey

Sac and Fox of Missouri Towa Tri
Family Cemetery, NE and Nebraska Family

A final NCPTT grant, with Co-PIs Steven
De Vore and Berle Clay, focused on another
application for the down-hole sensor, confirming and
improving surface geophysical results in the search

for unmarked graves. Near-surface geophysical
techniques have been primary tools in the detection
of unmarked human internments, however they do
not offer foolproof detection of all, or often even
most, graves. Partners on this project were the Sac
and Fox of Missouri and the lowa Tribe of Kansas
and Nebraska who allowed us to test this approach at
two Native American family cemeteries in Nebraska
and Kansas, and the Kentucky Archaeological
Survey who allowed tests at an Anglo-American
cemetery in Kentucky that was being excavated in
advance of development.

Down-hole Studies of Magnetic
Stratigraphy: Unmarked Graves
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Down-hole tests focused on grave shafts (not
the burials), as located from surface geophysical
anomalies and the presence of headstones and
footstones. These were compared to down-hole
tests in areas adjacent to the shaft, potentially
representing undisturbed ground. A distinctive
low-susceptibility signal of the shaft was observed
at both the Native American family cemeteries.

At select locations, samples were collected when
making the hole for the down-hole sensor, and these
samples were analyzed in the laboratory using a
number of magnetic techniques.
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Because the graves were excavated at
the Terrill Cemetery in Kentucky, the context of
the down-hole tests (whether in a grave shaft or
undisturbed ground) was secure. The pattern of a
low-susceptibility grave shaft was also observed at
this cemetery. At this cemetery, we were also able
to investigate magnetic characteristics of the graves
themselves, which indicated a pattern of magnetic
enhancement useful for burial identification where
grave goods and skeletal remains are lacking.
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Soil magnetic studies indicated that the low
susceptibility signature of the grave shafts was due to
a lower concentration of magnetic minerals, in turn
related to the lower density of soils refilling the shaft.
Penetrometer studies, conducted at the Native
American cemeteries as part of this grant, did not

cheological Innovation

consistently identify the grave shafts, although this
may be related to the insufficient depth sampled by
the penetrometer. Though the magnetic signature
of the grave shaft was not invariable, combining
near-surface geophysical, down-hole magnetic
susceptibility and soil magnetics provides for

improved capabilities in the identification, evaluation,
and thus preservation of unmarked human burials.

Bringing It All Together: Adding Depth
& Detail to Geophysical Surveys

20

As part of our presentations we were asked
to comment on how our NCPTT grants (and in this
case | have also considered the related NSF grants)
have influenced how we operate now. Certainly I
would have given up susceptibility studies a long
time ago if I was still collecting samples in muffin
tins. Instead, down-hole susceptibility tests have
become an integral part of the geophysics I do.

I rarely use surface geophysics alone, instead I
employ the down-hole instrument to gain more
detailed information about anomalies documented
by surface geophysical surveys. The example shown
here is from an enclosure site in the northern Plains
called the Sprunk site. Surface geophysical surveys
revealed a possible circular arrangement of house
basins within this enclosure. A transect of down-hole
tests across one of these possible house basins was
used to determine the depth, thickness, and lateral
extent of this feature.
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I also combine field studies of magnetic
susceptibility with excavations whenever possible.
Down-hole tests are used to precisely position
excavation units, or to measure the depth of a feature
being excavated or depth to sterile soils. I also use
the Bartington MS2K sensor for both plan and
profile maps of susceptibility. These maps often
indicate the locations of features that are invisible,
or not yet visible (will be defined in deeper levels) to
excavators. Susceptibility maps within excavations
allow me to directly connect geophysical properties
to what we are seeing archaeologically.

Biesterfeldt Site, 18th Century Earth L
Village, N.D. Down-hole used to lo

xcavation over the central hearth

For example, at the Biesterfeldt site, a
proto-historic earth lodge village in North Dakota,

down-hole tests were used to confirm lodges in the
plowed portion of the site where surface geophysical
surveys only suggested possible locations. They
were also used to place small excavations precisely
over the central hearth of one of these lodges, where
samples were collected for soil magnetic studies to
investigate formation processes.

Gragient_ntm_- 50750 62 151 masi (111 (31 Poister _immedini
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Tying together surface, down-hole, and lab geophysics with excavations for robust interpretation.
Can be used to evaluate the potential of, design, and interpret future geophysical surveys.

Gathering geophysical information on
archaeological features also allows model building,
using the depths and dimensions of features
from excavations together with their geophysical
properties. These models can be compared to surface
geophysical surveys to see if they match, and, if not,
can be used to explore why. They are also useful
for evaluating the potential of and for designing
and interpreting future geophysical surveys. Shown
in this figure is a magnetic model of a post pit at
Poverty Point constructed using excavation and
magnetic susceptibility data and ModelVision Pro
software.
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Coring Options

Over all these years, the MS2H has been an
amazingly useful and reliable instrument with wide
applicability. What has required creativity and
perseverance has been to make and hold open the
hole to introduce the sensor. Coring has not been
an insurmountable challenge, but it has required
creativity and perseverance. Shown here are some of
the options used to make these small diameter holes.

Of course once a hole has been made, it

makes sense to use it to gather as much information
as possible, including information on other
geophysical properties. As shown in these tests at
the Biesterfeldt site, my colleagues Bruce Bevan
and Dan Lynch have experimented with various
other electrical and magnetic properties in down-
hole applications, and Dakota Technologies, a Fargo
company, tested their direct push color system at the
site. Just like multiple-method surface geophysical
surveys, combining several down-hole methods can
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be very helpful in mapping subsurface remains.

Disciplinary Impact

2008 A Review of the Role of Magnetic Susceptibility in
Archaeogeophysical Studies in the USA: Recent Developments
and Prospects. Archaeological Prospection: 15:1-31.
PROFESSIONAL DEVELOPMENT OPPORTUNITY
National Park Service
U.S. Department of Interior

MIDWEST ARCHEOLOGICAL CENTER

Current Archeological Prospection Advances
for Non-destructive Investigations in the 21st Century
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In thinking about the disciplinary impact of
this grant, I would refer to my 2008 review of
archaeological magnetic susceptibility studies in the
journal Archaeological Prospection. As 1 prepared
that review I could see how field susceptibility
studies in North American archaeology had matured
since the 1990s, and since 2008 they have continued
to develop. I think the annual National Park Service’s
remote sensing training course, in promoting the use
of susceptibility instruments including the down-hole
sensor, certainly has a lot to do with this. I must also
credit the creative ways my colleagues have applied
susceptibility studies in their work. Though field use
of susceptibility instruments in archaeology is now
well-established, there is still room for growth in
soil magnetic applications to understand formation
processes.



In preparing this paper, I had a lot of fun
looking back at 17 years of pictures. I loved seeing
pictures of undergraduate students at MSUM who
worked with me on these grants; many, who now
have graduate degrees, are using susceptibility
studies in their own research, and are even teaching
their students these methods. Certainly their
participation in the instrument development process
had an impact on their research and teaching.

Hey! Whats that clown think hes

In closing, I would like to extend my most sincere
thanks to the National Center for Preservation
Technology and Training for taking a chance that I
could build an instrument useful for archaeological
application. There are not many programs that
support us in our dreams of a better way of doing
our research. Thank you for this and for your great
program.
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I was very pleased and honored to be invited by
Tad Britt of the National Center for Preservation
Technology and Training (NCPTT) to participate
in this symposium, in fact, to be one of a very
few presenters to represent what the NCPTT has
accomplished in promoting archeogeophysics in
American archaeology.

NCPTT: Diverse Support of Geophysics
& Remote Sensing Since 1995

NCPTT on-line grant database shows more than
2 dozen funded projects

o Special focus site applications

o New field methods & procedures

o New analysis | processing methods

o Test site development

o Database development
o Instrument assessment
o Instrument development
o Training workshops

Symposium’ 20 Year Retrospective of National Center for Preservation Technology and Training
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NCPTT offers an excellent website that is

quite transparent about what it does. It includes a
database covering all previous grants, and even

a brief perusal indicates that NCPTT has been
extremely supportive of the development and
application of archaeological geophysics and remote
sensing from its inception two decades ago. I counted
more than two dozen grants in the diverse areas listed
here that range from instrument development and
assessment to new field and analysis methods, simple
site surveys and applications, to the development of
databases. Of equal significance is the support of
training workshops that have promoted geophysical
practices.

Outcome of NCPTT Funded Projects

These NCPTT projects have had a profound impact on the
growth, application, development, improvement &
understanding of American archaeogeophysics

My own activities & grants with NCPTT exemplify this diversity and the
impact this institution has made in the growth and acceptance of
archaeo-geophysics

o Multi-method surveys & data integration
o Database development
o Technology evaluation

o Workshops
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As a consequence, it is clear that the NCPTT
has been a chief promoter of archeogeophysics and
remote sensing, and much of its current success and
acceptance may be attributable to NCPTT. It would
be difficult for me to review all these past grants and
projects and to do them sufficient justice. Rather, I
will focus on my own grants and involvements with
NCPTT projects as a means to illustrate some of the
diversity of NCPTT support. I have had three grants
with NCPTT for geophysical projects including
one that explored multiple-method surveys and the
integration of their data, another for the creation of a
database of geophysical results, and a third for
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the evaluation of various instruments and findings
in magnetic susceptibility surveys. I have also
participated in several NCPTT sponsored workshops.

1997 Grant: “Digital Image Enhancements of Plan-

View Geophysical Data Sets”

PROJECT GOALS

* The Whistling Elk Subsurface Imaging Project: link
multiple remote sensing methods at a single
archaeological site

+ Investigate GIS methods for spatially associating the
data

» Use image processing techniques to produce
integrated graphical results of high quality

* Disseminate results to a wider archaeological
community

QAA Symposium? 20 Year Retrospective of National Center for Proservation Tochnology and Training
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My earliest grant from NCPTT was in 1997 in
a project I called “Digital Image Enhancements of
Plan-view Geophysical Data Sets,” an unfortunate
title because it does not well explain the scope
of this project. At that time an important issue in
archeogeophysics was in the application of multiple
geophysical methods to the same survey area and
doing something more with the combined data other
than merely displaying side-by-side maps of results.
This project attempted to address these issues. As
can be seen here several geophysical methods were
applied to the Whistling Elk site in central South
Dakota, a fortified Early Coalescent village (ca
1300 CE) buried nearly a meter below the surface.
GIS methods were chosen as a means to manage
the data and also to associate or integrate them
in a more useful way. GIS also permitted various
image processing methods to be employed. Finally,
dissemination included the creation of a major
website as well as conference papers and publications.

The Whistling Elk Subsurface Imaging Project

Location & Field Methods

The Whisding Elk
Subsurface Imaging Project

Table of Contents

The Whistling Elk
Swbsurface Imaging Project From the
: et website...
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The next few slides portray some of the
principal web pages for the project, including the
table of contents. Assisting in the project was the
University of North Dakota archaeological field
school, directed by Dennis Toom. These students
did much of the physical work and also performed
subsequent excavations.

The Whistling Elk Subsurface Imaging Project

Results - Resistivity Resistivity / Conductivity Relationships

The Whistling Elk
Subsurface Imaging Project
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The geophysical results at the site were
excellent. Here we see the electrical resistivity
results from a Geoscan Research RM15 twin-
probe array that portrays the outer village defensive
ditch with 5 bastions, plus indications of numerous
houses irregularly distributed within the village
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(the Missouri River lies to the immediate south).
An electromagnetic conductivity survey with the
Geonics Ltd. EM-38 produced another highly
correlated data set (conductivity is the theoretical
inverse of resistivity) that permitted empirical
correlation studies and assessments of the utility
of each device. This study was one of my first
comparisons that revealed that although the EM-38
is about 8 times faster than a twin-probe resistance
meter, results tend not to be as clear or defining in
moderately dry to very dry soil conditions.

The Whistling Elk Subsurface Imaging Project
GPR & Time Slices

The Whissling ETk
Subsurfoce Imaging Project

[ST—

Anomaly Validation

was also employed in an attempt to clarify indicated
features “stratigraphically” in GPR profiles or
radargrams and also to explore them in relatively
new time-slicing software that was then becoming
available.

One of the principal anomalies in multiple
data sets suggested a larger square “house” with
southeast-facing linear entryway, probably the
“ceremonial lodge” known from previous work at
other sites and through ethnographic analogs. The
geophysics indicated the central hearth, the loci of its
four support posts, and the likelihood that the house
was burned. A 2 x 6 m trench was excavated by
Toom and his students that validated these inferences
by exposing the hearth, one of the support post
molds, and a perimeter that indicated burning.

cheological Innovation

The Whistling Elk Subsurface Imaging Project

Data Fusion: Color Composites
The Whistling Flk
 Subsurface Imaging Project
"

Interpretation

The data from the project were loaded into the

Idrisi GIS that permitted image processing and
enhancements (high- and low- pass filters, contrast
improvements, statistical analyses that included
correlational studies, differencing, and even principal
components analyses). One form of data integration
that proved particularly effective was simple color
compositing, where red, green, and blue colors

were assigned to three data sets which were then
merged into a single color composite that permitted
enhanced and rapid interpretations based upon
understanding of the RGB color model. GIS also
allowed digitization or vectorization of anomalies to
graphically illustrate interpretations of the village
through the geophysical results. Close inspection of
the data offered the interpretation of a second, tighter
village within the larger one with its own fortification
ditch and a more densely packed collection of
anomalies representing houses.
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Encouraged Later

Data Integration

Combining multi-sensor data such that the
whole is larger than its parts

Multi-Sensor Surveys

Looking at multiple dimensions of
sites from ground & air

Topo, Aerial, Thermal,
Mag, Res

(also EMI & GPR)

qA‘ Symposium? 20

Sponsored Arch:

In the decade subsequent to the Whistling Elk
Project the topic of GIS management and multi-

National Center for Preservation Technology and Training
ad by Tad Britt (NCPTT), Annual Meeting, San Francisco, 2015

sensor data integration became a popular one in the
field of archaeo-geophysics worldwide. My later
projects at the Double Ditch site in North Dakota
(1490-1770 CE), which I carried out from 2001-
2004, and at Army City in Kansas (1917-1922 CE),
undertaken in 2004-2006, were heavily involved
with GIS and data integration methods following
very much from the path initially started by my
grant from NCPTT.

2000: The North American Database &

Website of Archaeological Geophysics
The North American Database of Archaeological Geophysics is a database and website

that aims to promote use, education, communication, and a knowledge base of the
practice of archaeological geophysu:s in North America

http:/fwww.cast.uark.edu/nadag

CONTENTS
*Projects Database
* Image Library
* Educational Materials
* Bibliography Database
* Instrumentation Database
* Practitioners & Consultants Directory
* Upcoming Events
* Worldwide Links to Related Websites
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In 2000, believing in the promise and
ultimate growth of archeo-geophysics, I won a multi-

year grant from NCPTT to establish the “North
American Database of Archaeological Geophysics
or NADAG (http://www.cast.uark.edu/nadag). The
project was ambitious for its time with goals of
establishing a database of basic results from past
projects, geophysical imagery from those projects,
databases including bibliographic citations,

2

instrumentation descriptions, directories pointing to

practitioners, lists of upcoming events, educational
materials and more.

2000: The North American Database &

Web51te of Archaeologlcal Geophysws
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At that time, most of the coding was in basic
HTML. A front page in the geophysical database
section permitted searching by location, site type,
by kind of geophysical survey, by site name, or
number. The right page illustrates icons representing
categories of archaeological site types in the site
search menu.
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The core database focused on archeo-
geophysical reports (left). What I thought would grab

the interest of most archaeologists was an “Image

Database” showing through graphical portrayals

images of geophysical findings (right).
2000: The North American Database &

ch%nc of Archacologlcal Gcophyelcs
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In additional to a searchable database
of citations from publications and gray (CRM)
literature, great detail was given to published books
with complete tables of contents (left). Pages were
also devoted to instrument manufacturers with basic
contact information (right).

cheological Innovation

2000: The North American Database &
Website of Archdcologual Gcophyslcs
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Upcoming events were listed by year
with links to associated web pages and in
another database, practitioners and consultants in
archeogeophysics were listed.

Unfortunately, this project faced a number
of unforeseen difficulties. A major one was a lack of
response among potential contributors who pointed
out a frequent inability to submit materials owing to
lack of time and to the needs of clients who did not
want results freely disseminated. Obtainable gray
literature reports frequently contained poor quality
imagery in photocopy formats, and published results
could not easily be included in the database owing
to copyright restrictions. The largest limitation, and
an insurmountable one, was a cutting of funding
by NCPTT due to general federal budget cuts at the
start of the Iraq War, a circumstance which inhibited
further development, although interested students
and myself continued to maintain the database.
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2011 Grant: Comprehensive Understanding of
Archaeological Magnetism & Instrumentation

1) Comparison of
Instrumentation for field
measurement of magnetic
susceptibility (MS)

Tk

MS2D & EM38 data, earthlodge
circle at Fort Clark, ND e

EM38:

1. Faster

2. Deeper

3. Equivalent data

Retrospective of National Center for Preservation Technology and Training
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I pursued my final grant with NCPTT in
2011 with my Ph.D. student, Adam Wiewel at the
University of Arkansas. In addition to confronting
four focused research questions in archaeological
magnetic prospecting, data gathered by this project
was of great importance to his dissertation project.
The project title, “Comprehensive Understanding of
Archaeological Magnetism and Instrumentation,”
was perhaps pretentious in that it did not yield a
comprehensive understanding of archaeological
magnetism and all of its instrumentation, but it did
make large in-roads to understanding in four major
domains.

The first research question focused on
the comparison of instrumentation for the field
measurement of magnetic susceptibility (MS) from
the surface. It compared (1) a twin coil device, the
Geonics Ltd. EM-38, with the single coil Bartington
MS-2D, for gathering data in area surveys through
a grassy surface at the Fort Clark State Historic Site
in North Dakota (1822-1861 CE). It also compared
(2) the Exploranium KT-9 Kappa meter against
the Bartington MS-2F for acquiring MS data from
excavated wall profiles at the Double Ditch State
Historic Site in North Dakota (1490-1770 CE).
Several sites, features, or wall profiles were surveyed

with each instrument and in the first study the data
were also compared against magnetic gradiometry
findings. The area surveys of the first study showed
roughly equivalent data with similar anomalies
indicated (although their correlations were only
moderate with r about 0.5), but the EM-38 was about
10 times faster than the Bartington MS-2D and it
permitted greater depth penetration to about 50 cm,
compared to the latter’s 10 cm. The comparisons
of wall profile data in the second study (next page)
showed both instruments to perform very similarly
(with high correlations around r=0.8).

2) Magnetic Anomaly Formation

alan 2008)

of National Center for Prese
by Tad Britt (NCPTT), Annu:

The second research question focused on
anomaly formation and was the most complex.
A magnetic gradiometry survey conducted at the
Double Ditch State Historic Site from 2001-2004
yielded thousands of anomalies, many of which
were excavated from 2002-2005. With the aid
of the State Historical Society of North Dakota
under the supervision of Fern Swenson, several
of the excavations at known features (a storage pit
shown here, a fortification ditch, and a house floor,
all in cross-section) were reopened, and the walls
were scraped clean. The stratigraphy of each wall
was measured and mapped, and each wall was
digitally photographed (these photographs were later
composited). MS measurements were then acquired
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every 5 cm by the Exploranium KT-9 Kappa meter
and the Bartington MS-2F, except on the large
profile that traversed the fortification ditch, which
was measured every 10 cm. These data permitted
mappings of the magnetic stratigraphy, with parallel
results shown by both instruments (r=0.8).

This slide shows the “discovery anomaly” of
a subterranean storage pit yielded by the magnetic
gradiometry survey of 2001 with a Geoscan
Research FM-36 (upper left), together with the
photomosaic of the pit in cross-section and its
interpreted stratigraphy. Down-hole MS recorded
every 2 cm with a Bartington MS-2H through
the center of this pit in 2005 by Rinita Dalan of
Minnesota State University Moorhead (upper right).
It shows basket loading of materials of varying
MS as the pit was filled after its abandonment. MS
data were recorded across the face of this profile
every 5 cm yielding magnetic stratigraphy (middle
row). The last indicates the nature of subsurface
magnetism; the question then becomes, “how
does this magnetism combine to form an anomaly
recorded by a magnetic gradiometer at the surface?”
Mathematical modeling was employed to address
this question, and a moderately good fit was obtained
between the modeled results and the actual
magnetic gradiometry measurements over this
profile. Lack of fit in this case is probably partially
due to the presence of basket loads of fired clays
dumped into the pit that likely contained materials
with thermoremanent magnetism (they also illustrate
very high MS seen as the bright spots in the middle
of the magnetic profiles), which is not recorded by
the MS instruments. The fit between other data and
the models (not shown here) was closer because no
thermoremanent materials were present.

cheological Innovation

3) Identification of Remanent Magnetic Anomalies

My: Total Magnetism
Mg: Remanent Mag

If total magnetism, M; = Mg + M, then Mg = My - M,
M;: Induced Mag

3) Run regression
(r=amme tmv3)

e

4) Plot residuals

3) Run Regression:
Regress off the induced
component to “leave” the
remanent component

4) Plot of residuals:

* Known induced
anomalies (storage pits)
reduced in strength by 2/3

« Known remanent

anomaly (hearth) reduced
2) Mask out (eliminate) dipolar forms by only 113

» Ratloing against original
emphasizes remanent

|
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The third study examined the possibility of
better isolating thermoremanent anomalies through
several surveys at the Fort Clark State Historic
Site (1822-1861 CE) and at Double Ditch (1490-
1770 CE). Since a magnetic gradiometer (MG)
records total magnetism, both from remanent and
induced sources, while a MS meter records only the
latter, one may “subtract” the MS data through a
regression approach that isolates residuals to better
define remanent anomalies that generally arise
archaeologically from thermoremanence or intensive
firing.

The approach illustrated here shows its
promise and also its shortcomings. Anomalies
known to arise from induced magnetism, the
house perimeter and storage pits, were reduced in
magnitude in the residual data by about 2/3 while
hearth anomalies illustrating thermoremanence
were reduced by only 1/3 (firing also increases MS
or the induced component), making them much
more visible. The shortcoming of the approach was
the relatively low correlation (r<0.5) between the
MG and MS data which reduced the power of the
regressions. Part of the low correlation was due to
the imprecise registration of the data. In other words,
the exact measurement points of the MS and MG
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data were not perfectly coincident particularly in the
vicinity of strong anomalies.

4) Magnetic Variations in Hunter-Gatherer Camps

Fort Clark & the Mandan-Arikara village were major centers of trade with
hunter-gatherers. Repeated H-G occupations should increase soil MS

| Mandan-Arikara Village \'
ng
ts

Trad
Pos!

F.

Painting by Karl Bodmer, 1833

o

Mag Sus Transect

H-G camps " WG camps
A N ' AR gatherer
\ ¥ camps
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The final study explored magnetic variation
in the vicinity of known hunter-gatherer camping
areas reported in the historic literature in the
vicinity of Fort Clark and Fort Primeau, two historic
trading posts in the Fort Clark State Historic Site
(1822-1861 CE). Geophysical surveys typically
focus only on past cultures with built architecture
that causes large and detectable disturbances to
the ground. As hunter-gatherers were nomadic and
without architecture, their sites are rarely explored
geophysically. However, it is well-known that any
human occupation through time tends to increase the
magnetic susceptibility of the soil, and the grounds
around the trading posts and large Mandan-Arikara
village of horticulturalists were occupied annually
by hunter-gatherers throughout the length of the their
histories.

A series of transects across the park area
were therefore run with MS instrumentation that
showed unequivocally magnetic enhancement in the
known areas of the hunter-gatherer camps.

Summary: NCPTT Allowed Me To Follow
Research in Several Domains...

1. Whistling Elk Project (1997)
+ Multi-sensor data
GIS handling of geophysical
Anomaly validation

Data integration

2. NADAG (2000)

+ Database & website development

3. Magnetic Susceptibility Study (2011)
Instrument performance
Magnetic anomaly formation
Isolating remanent magnetism
Magnetic enhancements at hunter-gatherer sites
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My own funding by NCPTT has permitted
growth of geophysical knowledge in a wide variety
of domains in each project, and I think these projects
well illustrate the kinds of diversity that NCPTT has
supported in all of its grants in the field of
archeogeophysics.

2001 Workshop

GPR Training Workshop

Sponsored by US Department of
Agriculture’s Forest Service

Workshop host: K.L. Kvamme

* About 30 students, researchers,
company representatives &
instructors converged at the
University of Arkansas to partake in
a 3 day workshop.

Included:
» Method & theory of GPR

« Field data collection at
archaeological site

« Data processing exercises
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I also participated or hosted workshops in
geophysical training that were funded or partially
funded by NCPTT. The first, in 2001, was one
sponsored by the U.S. Department of Agriculture
Forest Service and funded largely by NCPTT (with
Kent Schneider chief promoter). I was the host and
organizer at the University of Arkansas where we
outfitted a room for lectures, a lab for computer
exercises, and actually collected data at a nearby
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historic archaeological site that held the foundations
of a church destroyed in the Civil War. Several
leaders in archaeological GPR, including Dean
Goodman, Larry Conyers, Margaret Watters, and
Dan Delea, as well as instrument manufacturers such
as Geophysical Survey Systems, Inc, participated in
the instruction.

2012 Workshop

Washington's Headquarters National NC Sewwen Usivensity
Historic Site (NHS), Cambridge,
Massachusetts in August, 2011
» About 30 students and professionals
» Focused on “big four”
archaeogeophysical methods

o GPR

o Magnetic gradiometry

o EMI

o Electrical resistivity
* Included 3D laser scanning
+ Combined data into comprehensive
“fused" data set

Archacological Survey Technologies, Data Integration,
Applic ASTDA) & Workshop Seminar | 2012-05

Margaret Watters, PI
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In 2012 I was delighted to participate in
another NCPTT funded training workshop in
archaeological geophysics that was organized
by Margaret Watters and held at Washington’s
Headquarters and Longfellow House National
Historic Site in Cambridge, Massachusetts. Margaret
Watters led the instruction in all geophysical
methods with myself, Bryan Haley, and Stephen
Wilkes assisting, the latter in three-dimensional laser
scanning with equipment provided by Feldman Land
Surveyors of Boston.

cheological Innovation

Summary

NCPTT instrumental to growth of
archaeogeophysics by sponsoring:

.Innovative field research

. Improvements in field methods & data handling
. Technology assessment

. Technology development

. Database development

. Training workshops
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To summarize, NCPTT has been
instrumental to the growth of geophysical
prospecting in American archaeology. Dozens
of its grants have permitted development of new
instruments and new field and analysis methods. |
believe NCPTT has promoted “pure research” in
archeogeophysics more than any other American
institution. On top of that, new fieldwork has also
been promoted, databases have been developed,
and training workshops have been sponsored, all of
which have contribute to the growth of geophysical
applications in this country.
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